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BACKGROUND OF THE INVENTION
[003] Over the last several decades, optical analysis methods have emerged
20  as useful and broadly applicable analytical tools for detecting and characterizing
trace components in wide variety of media. In optical analysis methods,
electromagnetic radiation is provided to a sample and interacts with components
of the sample. The interaction between incident electromagnetic radiation and
the sample generates scattered, transmitted and/or emitted electromagnetic
25 radiation that is collected and detected. The intensities, wavelength distribution,
polarization states, scattering angles or any combination of these properties of
the detected light provides information relating to the composition, concentration,
physical state and/or chemical environment of sample components. Optical

analysis methods that have been demonstrated as especially useful for



5 advant ageous for characterizing cellular and noncel |l ul ar conponents of

bi ol ogi cal systens. First, optical analysis nethods are applicable to a

wi de range of biological systenms and biological materials, as nobst

bi ol ogically significant nolecules, such as peptides, oligonucleotides and
i pids, and aggregates thereof absorb, scatter and/or affect the

pol ari zation states of electromagnetic radiation 10 in ultraviolet, visible
and infrared regions. Second, many optical analysis nethods provide
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such t hatffecting their biological activities, compositions or physical states. Fourth,
optical analysis methods provide in situ, real time detection in static and flowing
systems. Finally, recent availability of inexpensive sensitive photodetectors and
stable optical sources operating in the ultraviolet, visible and infrared regions of
20  the electromagnetic spectrum makes high throughput analysis using optical

methods both commercially and technically practicable.

[005] As a result of these benefits, optical analysis methods are widely used
for identifying, classifying and sorting biological materials. Optical flow
cytometry, for example, has been demonstrated as useful in a range of diverse

25 experimental settings including immunophenotyping applications, DNA analysis,
functional assays, cellular sorting, quantitative analysis of cellular and noncellular
particles, and, clinical diagnosis and therapy. In flow cytometry, a suspension
comprising cellular and/or nonceliular particles of interést are injected into a
faster flowing stream of fluid, which provides a sheath around the particles

30 thereby producing laminar flow. The sheath fluid is pumped much faster than the



t hey pass through an optical detection region where they are characterized.
In 5 the optical detection region, particles interact, preferably one at a
time, with one or nore incident beans of el ectromagnetic radiation, such
as laser light having a selected wavel ength distribution, thereby
generating scattered, transmtted and/or emtted el ectromagnetic radiation
that is detected as a function of tinme. Optical neasurenents typically
used in conventional optical flow cytonetry 10 systens for characteri zing
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to a plurality of wavelength distributions are simultaneously detected for each
particle passing through the optical detection region. Labeled probes and a
plethora of fluorescent dyes, stains and intercalators aid in the detection of a
wide variety of cell types and cell components. In some methods, fluorescent

20  antibodies are used to measure the densities of specific surface receptors of

cellular analytes, and thus to distinguish subpopulations of differentiated cell
types. Intraceliular components are also routinely detected and quantified using
fluorescent probes in combination with optical flow cytometry, including total
intracellular DNA, specific nucleotide sequences in DNA or mRNA, selected

25  peptides and proteins and free fatty acids.

[007] Optical flow cytometry techniques, therefore, allow individual cells to be
distinguished on the basis of a large number of parameters, such as their
location in the fluid stream, size, quantity of granular structures, and the
presence and abundance of detectable markers. As result of this capability,

30  optical flow cytometers are often used to generate a diagnostic profile of a



during the course of treatnment for HV infection and to determ ne the
presence or absence of tunor cells for prognosis and di agnosis of cancer
patients. 5 [008] Although optical flow cytontery is a powerful and
versatile technique for identifying and characterizing conponents of

bi ol ogi cal sanples, it has a nunber of significant limtations and
drawbacks. First, the dynam c range of conventional optical flow
cytometers with respect to the size of particles analyzed is narrow. As a
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Third, conventional flow cytometers comprise complex instrumentation that
requires highly trained operators for proper operation. Alignment and calibration
of flow cytometers ére not simple tasks, and need to be performed often to
20  achieve accurate and well resolved optical classification. Fourth, correct
operation of a flow cytometer requires the flow cell to be cleaned frequently and
the tubing flushed and disinfected to prevent bio-film buildup and contamination.
Cleaning and disinfecting is particularly important when using these methods to
characterize samples containing microorganisms. Fifth, the sample under
25  investigation is lost after analysis in many flow cytometer systems, and therefore,
can not be subjected to additional analysis using complementary technigues.
This is a significant disadvantage when analyzing samples available only in
minute quantities or hard-to-get samples. Finally, the substantial cost of
commercially available flow cytometers, even systems not capable of cell sorting,

30 in addition to significant limitations in their portability, are disadvantages which



clinical institutions. [009] It will be appreciated fromthe foregoing that
there is currently a need in the art for optical nethods and devices for
identifying and characterizing 5 conponents of sanple present in extrenely
| ow quantities, particularly trace conponents of biological sanples.
Optical analysis nethods and devices providing a |large dynamc range with
respect to the size distribution, conposition and physical state of
particles anal yzed are needed. In addition, optical analysis nethods and
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SUMMARY OF THE INVENTION
[010] The present invention provides optical methods, devices and device
components for analyzing particles in samples, particularly fluorescent particles
present in low abundances. The present invention provides scanning confocal
20  microscopy devices and analysis methods for detecting, measuring the
concentration of, and classifying particles, including cells, microorganisms,
biologically significant moiecules and aggregates and complexes thereof, in clear
media, scattering media and/or optically opaque media. Methods and devices of
the present invention are capable of detecting, identifying and classifying
25  particles having a wide range of sizes using short (e.g. less than about 1 minute)
sample scanning periods. It is a goal of the present invention, to provide optical
analysis devices and analysis methods capable of detecting particles present in
samples in extremely low concentrations, such as attomolar or lower

concentrations, and accurately classifying them with respect to physical,



to provide optical analysis systenms and nethods that do not require sanple
filtration and do not result in |oss or degradation of a sanple during
analysis. It is yet another goal of the present invention to provide
mechani cally sinple, 5 nechanically robust, inexpensive, and highly
portabl e optical analysis devices that can be easily operated by
techni ci ans without extensive training. [011l] In one aspect, the present

i nvention provides optical analyzers and nethods for analyzing particles,
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embodiment, collimated excitation light generated by the optical source, such as
a laser or lamp, is provided to the sample. Interaction of the excitation light and
the sample causes at least a portion of the particles in the sample to generate

fluorescence.

20 [012] The means for collecting fluorescence, such as a lens, reflector fiber
optical element, confocal microscope or waveguide, is positioned in optical
communication with the sample and configured such that it selectively collects
fluorescence from an observation volume inside the sample and positioned within
the container. In embodiments useful for analyzing particles in turbid media, the

25 observation volume is positioned proximate to (e.g. within about 500 microns or
in some applications within about 200 microns) of the wall of the at least partially
transparent container holding the sample. The means for moving the container is
operationally connected to the container such that it is capable of moving the
container in a manner that transports at least a portion of the particles in the

30  sample through the observation volume. Exemplary means for moving the



cont ai ner useful in some enbodi ments are capabl e of rotating and/or
displacing (e.g. vertically displacing, horizontally displacing or both)
the container in a manner providing a statistically independent
observation volume for a given sanple scanning period, and, optionally,
provide a neans for transporting the 5 particles through the observation
vol unme one particle at a tinme. The photodetector is provided in optical
comuni cation with the neans for collecting fluorescence and is capable of
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the sample.

[013] In an embodiment, the present invention provides an optical analysis

20 device combining a novel scanning confocal microscope and a processor having
a pattern recognition algorithm capable of detecting, counting and/or classifying
fluorescent particles present at low concentrations in a fluid sample. In one
embodiment of this aspect, the present invention provides an optical analysis
device for determining the concentration of particles in a fluid sample comprising

25  an at least partially transparent container for holding the fluid sample, an optical '
source for generating excitation light, a confocal microscope, a means for moving
the container holding the sample, a photodetector and a processor having a
pattern recognition algorithm. In this embodiment of the present invention, the
confocal microscope is provided in optical communication with the optical source

30  such that it receives the excitation light. The confocal microscope focuses the

excitation light onto the sample held in the at least partially transparent container,



excitation light onto the sanple held in the at |east partially transparent
container, 7 O thereby causing particles in the sanple to generate
fluorescence, and also collects the fluorescence froman observation
volune in the sanple. The photodetector is provided in optical

communi cation with the confocal mcroscope, receives at |east a portion of
the fluorescence fromthe observation volunme and 5 neasures its intensity
as a function of tine, thereby generating a tenporal profile of the
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during optical analysis, 20 thereby systematically varying the orientation
of pdgt i @Apestuithiger g ihayingraamjdih selegtachfromdhe cangeooftatwubrl dpabati 00 axi s of

t he exci ffﬁ’i[crlo% light as they are transported through the observation

vol une. The neans for noving the container may provide any notion of the
container, cyclical or noncyclical, that effectively transports sanple
cont ai ni d914ar trhelnesanstoo oglvindithecimsdainveart is aperaldiyioennaaédtethe25 t he
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of rotating, . vertically displacing and/or horizontal | Y di spl aci ng t he
cont nthEhBCP’H?'HSr gllqggﬁy%ﬁfgcted trajectory during optical analysis that transports

(or sweeps) sample containing particles through the observation volume during a
selected sample scanning period, for example by providing rotation and/or
displacement of the container in vertical and/or horizontal directions. Optionally,
the means for moving the container rotates the container during optical analysis,
20  thereby systematically varying the orientation of particles undergoing analysis
with respect to the propagation axis of the excitation light as they are transported
through the observation volume. The means for moving the container may
provide any motion of the container, cyclical or noncyclical, that effectively
transports sample containing particles through the observation volume, rotates
25 the container or provides a combination of both translation and rotational motion.
In one embodiment, the means for moving the container is a motor, switching
electronics and/or an eccentric rotating plate mechanism capable of rotating,
vertically displacing and/or horizontally displacing the container holding the fiuid
sample. Means for moving the container preferred for some applications

30 provides rotational motion at a selectively adjustable rotational velocity, providing




sanple. Means for noving the container preferred for sone applications 30
provides rotational notion at a selectively adjustable rotational velocity,
providing 8 0 vertical displacenment having a selectively adjustable
trajectory and rate of displacenent and/or providing horizontal

di spl acenent having a selectively adjustable trajectory and rate of

di spl acenent. In one enbodi nent, the vertical displacenent rate of the
container is selected over the range of about 0.01 5 centineters per second
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mat ches fea n e tenp profi 0” prede ermn patt rns that 15
cor r espoidcaonm tohabdutr?ﬁ rdeqlaticienperf dacondscence intensities of particles
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al gorithm that fies féeatures in a enporal profile that correspond
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present 1 nvention are al'so ablle"to analyze
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UL T ac%rréasr;])%n&%o The time dependent fluorescence intensities of particles passing
through the observation volume, Predetermined patterns useful in the present
invention comprise a distribution of intensities as a function of time, and may be
determined empiricaily (for example by measuring the fluorescence tempofal
profiles corresponding to well characterized sample containing fluorescent
20 particles (e.g. samples containing fluorescently labeled beads)) or calculated ab
initio. Pattern recognition algorithms of the present invention may be a
component of a larger data filtering algorithm, that identifies features in a
' temporal profile that correspond to particles passing through the observation
volume. In some embodiments, patiern recognition algorithms and data filtering
25 a[g'orithms of the present invention are also able to analyze temporal profiles via
fluorescence correlation spectroscopy technigues and photon counting histogram

analysis.

[016] Discrete particle detection events are identified by establishing a match
between the amplitude and shape of a feature in the temporal profile and a

30 predetermined pattern. The concentration of particles is determined by



[016] Discrete particle detection events are identified by establishing a
mat ch between the anplitude and shape of a feature in the tenporal profile
and a 30 predeterm ned pattern. The concentration of particles is
determined by 9 0 calculating the nunber of predeterm ned patterns matched
to features in the tenporal profile for a given sanple scanning period. In
one enbodinent, this is perforned by operation of a filter algorithmthat
performs a | east squares calculation at each point of a large vector. The
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[017] An important functional characteristic of data analysis in the present
invention using pattern recognition is that it is capable of accurately correcting for
changes in the transmittance, absorbance and/or scattering of fluorescence and
excitation light by a moving (e.g. rotating, translating or displaced) cuvette

20 holding the sample undergoing analysis. In some embodiments, this correction
amounts to correcting for changes in the background fluorescence and/or
scattered excitation light from the observation volume as a function of time.
Accordingly, pattern recognition analysis in the present invention enhances the
accuracy and reproducibility of measurements carried out using a scanning

25  optical instrumentation wherein the sample container is moved during illumination

and optical analysis.

[018] Optionally, operation of the pattern recognition algorithm classifies the
particles in the sample on the basis of one or more physical characteristics such
as size, shape and diffusion rate, optical properties such as brightness, and/or

30 chemical properties such as the presence and/or abundance of fluorescent



[018] Optionally, operation of the pattern recognition algorithmclassifies
the particles in the sanple on the basis of one or nore physical
characteristics such as size, shape and diffusion rate, optical properties
such as brightness, and/or 30 chem cal properties such as the presence
and/ or abundance of fluorescent 10 O and/or fluorescently | abeled

bi onol ecul es of interest (e.g. peptides, proteins, |ipids, mRNA
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region. [019] Use of a pattern recognition algorithmfor the anal ysis of
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Moreover, use of a processor having a pattern recognition algorithm
provi des [019] Use of a pattern recognition algorithm for the analysis of fluorescence

data is beneficial because it enhances the sensitivity and expands the functional
capability of the present optical analysis methods and devices. First, use of a
pattern recognition algorithm allows detection of particles having low brightness
20  at concentrations as low as 10 particles per milliliter using sample scanning
periods less than one minute. This provides an improvement in sensitivity of
about a factor of 10° compared to conventional scanning confocal microscopy
methods. Second, pattern recognition algorithms of the present invention allow
patrticles to be classified on the basis of size with any accuracy of about 10 %.
25  Moreover, use of a processor having a pattern recognition algorithm provides
size analysis methods capable of classifying particles on the basis of size over a
wide dynamic range of sizes, such as a range from about 250 nanometers to
tens of microns. Finally, pattern recognition algorithms also provide accurate
particle classification on the basis of other important particte attributes such as

30 diffusion constant, shape, brightness and composition.
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si ze anal ysis net hods capable of classifying particles on the basis of size
over a w de dynam c range of sizes, such as a range from about 250
nanoneters to tens of mcrons. Finally, pattern recognition algorithns

al so provide accurate particle classification on the basis of other

I mportant particle attributes such as 30 diffusion constant, shape,

bri ghtness and conposition. 11 0 [020] Another advantage of this data

anal ysis approach is that the predeterm ned patterns useful for analysis

via patte ec L M | %fﬁﬂ | gorithns do not
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the type of .particle resent j.n S | e.apd physic roperties, such as
donsi 1y ana P & PR batetndo S @R L B TR Vg AP FARPUEGE,
Ther ef or efludr8scdiiceFRM ah @BRBNGLER veluntyy BReddelrfiifdpattdis of tHeresent
concentration of particles without el aborate calibration procedures

strondfl y Bepianee GaRablgeof heing selehinaraabized ard/ag ceresnteh Hepgraungfor
anal ysi s. di#fé'rehés? ﬁPﬂﬂbf‘dfﬁnfsﬁ’%n 8ad Er’aﬁéﬁoﬂaélgg gf bl fﬁ$&ﬁ@@56“t et hods

and devices enploy a ca ration proce ellates the anplitude and

shape of empiedefyeontheerttipaliyt withknowledbedf the type of pattictasspriesenttie at enpor al

profile. E Q. exanmpl e, the size qf _the rticle. can be deduced by the
Proe 1o voatune gt VRS rbRaRs! Rulat Hendl A afic Henthh SRHIET e, b ven ¢ e
si ze of trhediah tonthihihgapt ipadticlesraDingrbiaraf thepresuht tdhniqicatalonal vel ocity,
the size Cf?ﬁn be obt&jtﬂed Wi thout a priori calibration. However

t

cal i Brat i GHEHIPRIPEEL e Cegcentralion i Particesyithat batnsateseaiibrationt he present
I nvent I Orprocedures strongly dependent on the precise nature of the system undergoing
analysis. In the context of particle classification, the present methods and
devices employ a calibration procedure which relates the amplitude and shape of
predetermined patterns matched to the features in the temporal profile. For
20 example, the size of the particle can be deduced by the time it takes to pass
through the confocal volume. In principle, given the size of the slit, the optical
maghnification and the rotational velocity, the size can be obtained without a priori
calibration. However, calibration with particles of known size can also be used in

the present invention.

25 [021] The combination of a confocal microscope and a means for moving the
at least partially transparent container holding the sample provides an effective
means for transporting substantial volumes (e.g. milliliters) of the fluid sample
through the observation volume without requiring use of a flowing system. In the
context of this description the term scanning refers to conducting or transporting

30 sample containing particles through an observation volume of a confocal

microscope such that particles may be optically detected and/or characterized.
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25 [021] The conbination of a confocal mcroscope and a neans for noving
the at least partially transparent contai ner holding the sanple provides
an effective neans for transporting substantial volunmes (e.g. milliliters)
of the fluid sanple through the observation volunme w thout requiring use
of a flowng system In the context of this description the term scanning
refers to conducting or transporting 30 sanple containing particles through
an observation volunme of a confocal mcroscope such that particles may be

opti cal | ylndé?fcﬁférﬁgcﬁrﬂqﬁé’fq ﬁ@aﬂr@%érﬁrde%Eﬁ%tionlr%a? a|s?.> r‘%ﬂ%itS nftenfdt@BRi N9 in the
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di spl aced to _provide scanning of the sanple undergoing analysis. Vertical
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scanned sanple vol ana e scanning Is statistically
i ndependdhe coniaineigeveratexa tejedttriysof e destaimiepthaipasiss paitiskis thadough

i ndepend L withre ct_tp obseryation vol unes nal yzed by the present
dovi bes e opatibliet FEPEREa SIS (B BR st i R a5 e gt he
same par tdugihgsahiplid bearmangiscaafidt@upindepefdentndn tbsAex eTthisweeps is
exceedi ng]y snall “(e._g{_. |ess than 0,01 % and in some cases is negligible
(e. g.101 e SSSEMRLIP " GalnR! indRPeREANCeoW It gCERaE! ipebeariglifayQli®res 15 t hr ough
the obseranaly a8 by%é'f??esern%é\t/if:@é‘aﬁcﬁ rﬁélﬁo&é)%fé’r‘sqsrthf#a%f’tﬁa\ﬁﬁ matically

varies the position of particles wth respect to the optical axis of the
exci t at i ¢wobatiilghof seding $iy/same vadiakes ia the sameofordigarationgiuring posi ti on of

e, Dar e U LpRep g bEakotiEh Soh e o TBASHAYD SR M TR LT L1
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O ot S o o e RS i isteme B oy L
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light, thereby providing a means of scanning the position of the particles during
optical detection. Rotation of the container during optical analysis, therefore,
provides a means of characterizing partictes as a function of rotational position in
20  the observation region with respect to the propagation axis of the excitation light.
Particularly, rotation of the container allows particles to be characterized from a
plurality of optical perspectives (i.e. axes passing through the particle) which
provides additional information relating to the size, shape and composition of the
particles. The combination of rotation (about 5 to about10 revolutions per
25  second) and slower vertical inversion {about 2.5 to about 5 centimeter per
second) of a cylindrical cuvette provides a container trajectory useful for
measuring the concentration of particles in a sample at sub-attomolar

concentrations and classifying them with respect to size.

[022] The net volume of fluid sample transported through the observation
30  volume during optical analysis (e.g. by rotation, vertical displacement and/or

horizontal displacement) depends on the length of scanning period, and the rate
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provi des additional information relating to the size, shape and conposition
of the particles. The conbination of rotation (about 5 to aboutlO
revol uti ons per 25 second) and slower vertical inversion (about 2.5 to
about 5 centineter per second) of a cylindrical cuvette provides a
container trajectory useful for nmeasuring the concentration of particles
In a sanple at sub-attonolar concentrations and classifying themwth
respect to size. [022] The net volune of fluid sanple transported through

t he obser ' b ' éﬁg1 J: . tion,

verti cal %?2% ac%ﬁ@ﬁxﬁgﬁgﬁgﬂﬂﬁﬂggFﬁg%?g?k .sprﬁéﬁﬁ%ﬁﬁyggggéﬁﬁgéﬁn t he

| engt h ofvalgaenilhg size obllle dosdrvatien vatuend B conftrofied by theo$izé loétheont ai ner

hol di ng t le.and the size,of the observation volu The size of the

obser vat IO AReriE ehRByEd Findispionat Boesarod pertediatb dbamRast ur

enpl oyed donfédat apenfieqisitiinetiaRenesn tipsdrel aid theiphetcdett®f a confocal
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time repnvehgmésadahslaged inodystéms UbiRgaadey bbSeRafidrovoames. Accoidmgigs. 1 n
conprom se is to use the | argest confocal

i cati the best et
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confocal aperture), the tot for a grven run time is
| ar ger. APF@remisevets uss tHiedregestnariogal anprive thadlpravidesya¢airateny be di | ut ed

[ t ysig ot | € rati Qr ures.that particles
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scatteri or. absorpin dia., 20 [02 Thi s conbi nati on of device
conpﬁ)ﬁenﬂgaf%'ye% E‘é{h&ﬁ"ﬁgs g‘?g%[mﬁd q \{eii’ samples undergoing optical anaiysis

may be diluted prior to analysis to achieve a concentration that ensures that

particles are transported through a detection volume one at a time. Sample
dilution may also be useful when characterizing particles dispersed in highly

scattering or absorbing media.

20 [023] This combination of device components for scanning a sample during
optical analysis provides number of tangible benefits in the methods and devices
of this aspect of the present invention. First, use of a confocal microscope in
combination with a means for moving the sample container provides a means for
transporting particles through an observation region while avoiding the need for

25 generating a fluid flow. As a result, the sample undergoing analysis does not
require extensive prefiltration to prevent problems associated with sample flow
and clogging, as in optical flow cytometry systems. In addition, sample never
enters the inner workings of the device, thereby making the present analysis
systems less susceptible to problems associated with contamination, bacterial

30 growth and formation of bio-films. Furthermore, the sample is not lost, damaged

or degraded during optical analysis, thereby allowing the sample to be subjected
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optical analysis provides nunber of tangible benefits in the nethods and
devices of this aspect of the present invention. First, use of a confocal
m croscope in conbination with a means for noving the sanpl e contai ner
provi des a nmeans for transporting particles through an observation region
whi |l e avoiding the need for 25 generating a fluid flow. As a result, the
sanpl e undergoi ng anal ysis does not require extensive prefiltration to
prevent probl ens associated with sanple flow and clogging, as in optical
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an observation region without requiring complex optical systems comprising

moveable optical components, such as translating optical sources, photodetector

or dichroic mirrors. This aspect of the present invention is advantageous as it

20  provides a simple, mechanically robust experimental system that does not

require repeated optical realignment between scans.

[024] In anocther aspect, the present invention provides method and devices for
selectively detecting and measuring the concentration of particles in a fluid
sample, and optical analysis methods and devices capable of discriminating

25  between particles having different physical properties and/or chemical properties.
In some embodiments of this aspect of the present invention, detection specificity
is provided by treating the sample with one or more fluorescent probes, such as
fluorescent dyes, stains, covalent tags and/or intercalators, that selectively
associate (covalently or noncovalently) with specific cofnponents of a sample,

30 such as surface bound, intercellular or intracellular proteins, peptides, lipids,

oligonucelotides or any aggregates or complexes thereof. For example, the
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or dichroic mrrors. This aspect of the present invention is advantageous
as it 20 provides a sinple, nechanically robust experinental systemthat
does not require repeated optical realignment between scans. [024] In
anot her aspect, the present invention provides nethod and devices for
selectively detecting and neasuring the concentration of particles in a
flurd sanple, and optical analysis nethods and devi ces capabl e of

di scrimnating 25 between particles having different physical properties
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observation volume. As different types of particles, such as particles of different
size, shape or electric charge, have different diffusion constants, this functional
capability of the present invention provides a means for discriminating between

20  different particle types in a sample. Alternatively, detection specificity is provided
in some methods and devices of the present invention on the base of measured
particle brightness. In these embodiments, the total integrated intensities of
features in the temporal profile are determined and used to differentiate different
types of particles. In some instances, for example, this aspect of the present

25  invention provides a means of distinguishing particles, such as cells or
microorganisms, on the basis of the presence and abundance of specific
biological molecules, such as proteins, peptides, lipids and oligonucelotides,
which selectively bind to one or more fluorescent probes administered to the

sample.

30 [025] Inanother aspect, the present invention provides multichannel optical

analyzers capable of simultaneously and independently monitoring fluorescence
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observation volunme. As different types of particles, such as particles of
different size, shape or electric charge, have different diffusion
constants, this functional capability of the present invention provides a
means for discrimnating between 20 different particle types in a sanple.
Alternatively, detection specificity is provided in sone nethods and

devi ces of the present invention on the base of neasured particle

bri ghtness. In these enbodi nents, the total integrated intensities of
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excitation an em ssion wavel engths are provided to the fluid sanple

underidoi rpledivelydind tordiffereid spare bernd pr vdiaselylabpreteienor perlisiesi s sel ect ed
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to classiyith Whfelength discrimination elements, such as optical filters, gratings, prisms,

monochromators or dichroic reflectors, such that each are capable of detecting
the fluorescence originating from a selected fiuorescent probe and do not detect
fluorescence originating from other fluorescent probes associated with the

20  particle. Accordingly, each photodetector in this optical arrangement
independently generates a temporal profile of fluorescence from the observation
volume corresponding to a selected fluocrescent probe. This embodiment of the
present invention is beneficial because it provides good detection specificity, as
the particles of interest may be tagged with more than one fluorescent probe

25 emitting in different regions of the electromagnetic spectrum. Analysis of the
output of two or more photodetectors for coincident detection events allows for

discriminate detection and quantification of the particles of interest.

[026] In another aspect, the present invention provides multichannel optical
analyzers wherein a plurality of photodetectors is provided each having a
30  differently sized confocal aperture (e.g. slit) in optical communication with the

confocal microscope. In this embodiment, the photodetectors detect light from

(o]
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15 particles on the basis of conposition. A plurality of photodetectors is
provided wth wavel ength discrimnation elenents, such as optical filters,
gratings, prisns, nonochromators or dichroic reflectors, such that each
are capabl e of detecting the fluorescence originating froma sel ected
fluorescent probe and do not detect fluorescence originating from other
fluorescent probes associated with the 20 particle. Accordingly, each

phot odetector in this optical arrangenment independently generates a

t enpor al i | oIR-t | Qn I correspondi ng
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t he photodetectors detect light frao 0 17 gbservation vol unes havi ng

di f f er entBPEFHERS FaLPE YRS (QFigHREE t&%ﬁev%ﬂ 'enPrigfinesed 8¢ paltiCheous! y

anal yzed phétel HRuRItE§ e FurthBHRBI, Bt PBIILSE PRI JdrBE18 GIci thaiiteeti@vef | ap, and
I n sone enbodi nents are concentrically disposed. Similtaneous anal ysis of

f | uor@sc e eptieatpyisaaandrofeteryinedrusing eitiphroneaystamssoBthisor r espondi ng to
differ emen‘ﬂ:LJa‘t?r‘ﬁEhtve focal volunes aids in nore accurately resolving the
size distribution of particles in the sanple because the size of the
particle will change the transit tinme through the confocal slit. D fferent
conf ocal [02f]er iThe ¢sesemt iventior @lgoandigities mateodhand dewcandmploving ght ness of

e e Sl B AR bl ABHEPR TS W e b n BB Bl Pt e
mul ti chaanalyssytstienguay. nhire @aboditmaintfor example, the present invention
15 provides devices and methods wherein an observed temporal profile is analyzed
via operation of a photon histogram analysis algorithm that generates a
histogram of detected photons. Photon counting histograms acquired using this
analysis method characterize the amplitude distribution of fluctuations of
fluorescent light emanating from the observation volume, and relate to the
20  probability distribution to detect a given number of photons per sampling time.
For a single species of fluorescent particles, a photon counting histogram may be
characterized by two parameters: the average number of particles in the
observation volume, and the particle brightness, which is defined as the average
number of detected photons per sampling time per particle. In addition, it is
25 possible to use photon counting histogram analysis to distinguish different
fluorescing species present in. a sample if they have sufficiently spaced
brightness magnitudes. Alternatively, the present invention provides devices and
methods wherein an observed temporal profile is analyzed via operation of a
fluorescence correlation analysis algorithm. An exemplary fluorescence
30 correlation analysis algorithm of the present invention determines the temporal

autocorrelation of the fluorescence fluctuations, which provides a measurement
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[027] The present invention also includes nethods and devi ces enpl oyi ng
statistical analysis nethods in addition to, or other than, pattern
recognition analysis techniques. In one enbodinment, for exanple, the
present invention 15 provi des devices and net hods wherein an observed
tenporal profile is analyzed via operation of a photon histogram anal ysis
algorithmthat generates a histogram of detected photons. Photon counting
hi stogranms acquired using this analysis nmethod characterize the anplitude
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fluorescing species present in. a sanple if they have sufficiently spaced
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fluctuations as a function of time. Thi anal ysi s_provides information
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fluorescence, such as the fusion constants and diffusion rates 5 of
det ect ed Ppegant d1vestion 28ple soatabting padisinsds trapppeided thupgylies devi ces and

et neor ShobfBuA 856 ol DIFOMANorEE SRR A RS SRRl
i nt ensi t gelpctdd ¢edaiobr pajetiocy.eBlupassienge frohr partibleshie thebslesaradtioon vol une.
Thi's 1? Sp?ggtior? Es (t:on%cier(]:{vtﬁg'r[éb?'nge%re?e\{tin%eas te%%ciw%ﬂl)roﬁle, which is analyzed in
real time by a processor. The processor has a pattern recognition algorithm for
analyzing the temporal profile and is provided in at least one way communication
~ with a controller capable of selectively adjusting the trajectory of the moving
container. Characteristics of the particle are determined in real time via analysis
20  of the temporal profile and serve the basis of one or more control signals
provided to the controller. in one embodiment, control signals provided to the
controller which indicate a new container trajectory capable of transporting a
selected particle through the observation region a plurality of times during a
sample scanning period. For example, the physical or chemical characteristics of
25 adetected particle may indicate that further optical analysis is required to
adequately classify the particle, and therefore, the processor generates control
signals initiating a modified container trajectory capable of transporting the
particle of interest through the observation volume, thereby, providing one or

more additional particle detection events.



10 anal ysis nmethods devices wherein selected particles in a fluid sanple
can be detected and characterized nultiple tines. In enbodinents of this
aspect of the present invention, sanple containing particles is
transported through the observation volune by translation of the container
hol di ng the sanple along a selected container trajectory. Fluorescence
fromparticles in the observation 15 region is collected thereby generating
a tenporal profile, which is analyzed in real tine by a processor. The
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t hereby, providi ntg"l one or nore additional particle detection events. 19 0
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that accumulate in the fluid sample. This aspect of the invention is particularly
useful for detecting pathogens and/or contaminants in environmental samples,

such as room air or in water samples.

20 [030] The methods and devices of the present invention are broadly applicable
to optical analysis of particles undergoing emission via photoluminescence,
chemiluminescence and or electroluminescence processes in an observation
volume of a confocal microscope. For example, the present devices and
methods are useful for identifying, classifying and/or determining the

25  concentration of particles capable of undergoing chemiluminescence and/or
bioluminescence. In these aspects of the present invention, emission from
particles passing through the observation volume of a confocal microscope is
collected, detected and analyzed without the need for providing excitation light to
the sample. Fluorescence in the present methods may be excited by single

30 photon absorption processes or multiphoton absorption processes. An

advantage provided by use of multiphoton excitation in the present methods,
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10 sanple. In these enbodi nents, particles are systematically provided to
the container, continuously or at discrete tinmes. The optical analysis
device of the present invention periodically or continuously probes the
sanpl e, thereby providing characterization of particles in a sanple as a
function of time. In one enbodinent, for exanple, an integrated particle
measur enment system of the 15 present invention provides neasurenents of the
concentration, size distribution, conposition, brightness or any

combi nat | 8ok ANESEGHBLARIEH SRRSOl BAY fIdFLERncbRly pesute [0 the
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advant age pr.ovi ded by use of mul ti hoton e ci tat in_the resent nmet hods,
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sol s and carpablercéslete‘ﬂnag [amd&mﬁs:fylmigtmaﬂdgmahdat&mls:atsfowroe:nuemfaﬂonisor

det e(igi n%crllt%igé,agdt%o{ lirlrjlﬂeg%&ip?gkgrggtic cells, eukaryotic cells, bacteria, virus,
biological molecules such as proteins, peptides, oligonucelotides, DNA, mRNA,
lipids, and all aggregates and complexes thereof. This high degree of versatility
with respect to the composition of materials analyzed by the present devices and
techniques makes them suitable for a wide range of applications including, but

20  not limited to, characterizing cellular material and microorganisms, identifying

biological molecules present in biological samples, assaying materiails present in
food stuff, detection of pathogens in samples, assaying of bioclogical samples for
clinical diagnostic and therapeutic applications, high throughput quantitative
analysis of samples, and functional assays for monitoring protein expression

25 rates.

[032] In another embodiment, the present invention provides a method for
analyzing particles in a sample comprising the steps of: (i) providing the sample
containing particles in an at least partially transparent container; (ii) directing
excitation light onto the sample, thereby causing at least a portion of the particles

30 in the sample to generate fluorescence; (iii) collecting fluorescence from an
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fluorescently | abel ed conponents in high transparent nmedia, partially
transparent nedia and in highly scattering nedia. The present invention
provi des 10 nondestructive optical analysis nethods particularly well
suited for the analysis of biological sanples, such as bodily fluids,

ti ssue suspensions, food and beverages, fluids generated from expression
systens, such as reconbi nant expression systens, and sanples derived from
t hese. The present nethods are capable of detecting and cl assifying

bi ol ogi cab,dmyafd e'ﬁgﬁ%éﬁ%%ﬁ?@@ﬁﬂié&ﬂﬁgﬁe BRGNS frdkpdrot imited

to, prokaryotic c C ce terra, virus, Dbiological
nol ecul esolsertataos yolaneionty apaptaditesston (ivyomvingl the icdetajneditferebiRNA, | i pi ds,

and all aggregate nd_conpl exes, t he f. This, hi degre f versatility
Nt h 1 es RSP TERE dhOBoSATOR BoURRI B Parevalal JRLERg T G pr csent

devi ces amdasdrafthedreasifipsEhetiostehtalom thelomdeWaAien vaRg®k 8¢ a
applications including, but 20 not limted to, characterizing cellular

nat er i‘al fARgtion eftive yamodhe phpipsieteater, thereby sevrypting atemeeid exofile ekent i n
bi ol ogi c i i i f ection of
pat hogend? yRaRepncd ORI Fom s oBLETRREn WBunle? ot et

di agnost i of thiscaspeetrcffibe preseap piveation ovay, futhghcdrhpriaegthp stemofartalyzng ve

anal ysi s of .sanpl es nd .functional assays for.ponitoring protein

expr essi o*ﬁeé%“ggﬁzﬂ"f?%%j‘g IarPaaY%(S'P ﬁ%qogg%goqlg@rﬁ M-t he present invention
provi des a nmethod for analyzing particles in a sanple conprising the steps
of : (i) {0837 dilngnbiher aspedtcthequrosaitihvahtipargroities aimethod fdr | east partially

transparent cantainer; (ii) directing excitation light onto the sanple,
ther dby GRIRTHENG N 89%4%?3&899?8@“&%%%@ $AtRRIEAoRLIAR0 e Pﬁ'@cgérrpl e to
gener at e dohRisRRFPBGEep bt (1) ;ﬁ@hb%ﬁh@%afﬂd@&&%ﬁw?éﬁia@b%E‘an 4l O
observation volune in the sanple and directing the Tluorescence fromthe
obser vat ilerst partipty tenrspagnppontamerd@ direct{rnagxaitetiom tightienteagoafosel t her eby

. o - . h : q
reasur  ng EiosCoBE i dp P el eedh A e RS SR ORI (3P 001 Lk s
a 5 functfoausirg thei exeitatiomiigtt hatpthet schepie aisong, thelvenédoal gistesadpeng a t enpor al

Do ke Herphi el g5 iSRG Re 10 GeRRRE FLORB LR, HhresRERy B on vl ure
fluorescence from an observation volume in the sample using the confocal
microscope; (5) translating the container thereby passing particles in the sample
through the observation volume; (6) measuring the intensity of the fluorescence
from the observation volume as a function of time using a photodetector

20  positioned in optical communication with the confocal microscope, thereby
generating a temporal profile of the fluorescence corresponding from the
observation volume; and (7) analyzing the temporal profile using a pattern
recognition algorithm thereby determining the concentration and size of the

particles in the sample from the temporal profile.
25

BRIEF DESCRIPTION OF THE DRAWINGS
[034] Figure 1A provides a schematic diagram of a top plan view of an optical
analysis device of the present invention for measuring the concentration of

fluorescent particles in a fluid sample. Figure 1B shows an expanded side view
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of this aspect of the present invention may further conprise the step of
analyzing the tenporal profile using a pattern recognition algorithm
[033] In another aspect, the present invention provides a nethod for 10
determ ning the concentration of particles in a sanple containing the
particles conprising the steps of: (1) providing the sanple containing
particles in an at least partially transparent container; (2) directing
excitation light onto a confocal mcroscope in optical conmunication with

t he sanpl Wl I a %E{E}g? i i i ght onto

t he sanpl gr%g%%hﬁg%@ﬁ; @gg Eﬁﬁng&g%lccggg,ﬁé{l t %?gbﬁe%chigélhga?we particles
t o gener atodatidnad aed vericat disglpcemkheatasngefiien sbmeanethods oéthermesent
observatigon volune in the sanple using the confocal mcroscope; (5)
transl at i RYCEHE" cont ai ner thereby passing particles in the sanple through
t he observation volune; (6) neasuring the intensity of the fluorescence
from the [BsEr VEijuRR palvides #phetobrapht éfeim eftichl amalysis dgviee Phtieodet ect or 20
positioned in optical comunication with the confocal mcroscope, thereby

gener at i nfeECRERRIHIN GHHIISING B BCAMNUNG CORBICEIBIFERSOPLIR SPHRIANENT r om t he
obser vat i g ¥RIdeeBor ifhd g)ggﬁgﬁll r%é%b%ﬁti&ﬁ%lgto‘ﬁfﬂ?ﬁf al profile using a pattern
y deter

recogni tion al gorithmtRHher ning “the concentration and size of the
particles in the sanple fromthe tenporal profile. 25 BRI EF DESCRI PTI ON OF
THE DRAWIREE] [diagqlregoamvés anepepians Juareseergrliempaiglayptlmdragidesp pl an

vi ew of [ ' V| f top [ measuri ng
t he concgﬂ?‘(r?ig it@%hgl?WF%%%@%@&&%@%&&&@E%@?(r:%@g'@ftpgir%ﬁg%rfa&%l .ZQEi gure 1 B
shows an expanded side view 22 0 of a container conprising a cylindrical
cuvette, [88d] alFdgurerfdi shavwsa dtennpoiaderafile ttop aldtbgenerated wyetheiapdical

i gur” 2 PRk ale $3FkShalihg Rree T p Rty ha TR lE BbunrtBH The 57
present ifesxends inrthe temppoidl pofike. SARDBhoNdn IFigurald Andrerthe ehpsyuae conbi nat i on
wth pr OCV% use%r(bgﬁgri‘nnpqw? aggcgéiaetfeg V\Eiﬁlcgagcrhi éailt?ert!n %Laqgiﬁéé t%ntlhe temporal
profile. Figure 4B provides an overlap plot showing a feature (curve A) observed
in a temporal profile and a predetermined pattern (curve B} fit to match to the
15 feature. Figure 4C shows the intensity-distribution for a single pattern on an

expanded scale and Figure 4D displays a size distribution obtained for analysis

of a heterogeneous sample.

[038] Figure 5 provides a schematic diagram of a multichannel optical analyzer

of the present invention.

20 [039] Figure 6 provides a functional flow diagram illustrating steps in an

exemplary pattern recognition algorithm of the present invention.

[040] Figure 7 shows an exemplary photon current histogram generated by the
devices and methods of the present invention for a sample containing fluorescent

spheres.

25 [041] Figure 8 shows a plot of total counts {peaks in the fluorescence temporal
profile) as a function of particle concentrations generated by the devices and

methods of the present invention for a sample containing fluorescent spheres.
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[036] Figure 3 shows an exenplary fluorescence tenporal profile of
particles noving through the observation vol une generated using the
optical analyzer. [037] Figure 4A shows a tenporal profile (top plot)
generated by the optical 10 anal yzer and correspondi ng predeterm ned
patterns (mddle plot) matched to features in the tenporal profile. Al so
shown in Figure 4A are the chi square values (bottom plot) associated with
each pattern matched to the tenporal profile. Figure 4B provides an

and o pr ogReL iU So B RH e B prile i Rt oo Po B Bele | ©
Fi gure 4Grebemsmétheds fdrenaiilkk watipié comtalnimnsématiacsllsngl e pattern on an
expanded scal e and Figure 4D di splays a size distribution obtained for

anal ysi s a heter neous le. [03 Fi gure 5 provides a schematic
i a1 am dPHA] TG A ST LAT (AL (g it Mo E R ent 1 on 20
[039] Fi gekfofallprofiled@duptheUhfdshenBlasd RincEbrper simatid st dorcbRgatidi8Ps i n an
exenpl ary pattern recognition augorithn1of the present invention. [040]

Fi gur & 7 ganeviiatedvsigctiplraesermoetbade and éavices.st ogr am generated by the
devi ces and nethods of the present invention for a sanple containing

f1 uor escqtia) SHIGESH ARdOftlicElty £ cbnahitifion.ilitn Sfudkokely euNt s (peaks

in the fluorescence tenporal . unction o (
concent r grressty apbnalranadysihgetite el g paitein reeedrititsn datatdnalysisesent
invention for a sanple containing fluorescent spheres. 23 [042] Figure 9

h I ' t
oS o ISP R o P e bR SR A OBRG Al bt B SO
pl ot of tpodfdes couespondirentosthe sigriicantiy diresee ffoerestemppoofathe paoferine about t he

t hreshold) as a function of somatic cell concentrations 5 generated using
t he es metho nd devi ces. 4 Filaure .11 sho the.result of a
concaltr DI GIAE (3rales S iy nislReaB (b SRRy bERIPRIL devi ce
enpl oyi ngvhiet tembnstestegthid abilitydstine predens hidthodstéTladsifg paeticled isdeids t he
calibrati oq gener ated f r,gm,fl uor escence tenpor al

on their intensity distribution.

[047] Figures 14A and 14B show fluorescence temporal profiles for control and

AD samples, respectively. Figure 14C shows a quasi 3-D image generated from

15 a 3-D scan, and indicates number of large fluorescent oligomers (elongated white

spots).

[048] Figure 15 provides a correlation plot of aggregate concentration and size

for the control samples and the AD samples.

20 [049] Figures 16A — 16D schematically illustrate use of a muiti-slit confocal
aperture in the present invention for determining particle positions in the
observation volume. Figures 16A and 16B schematic depict embodiments of the
present invention using a single-slit confocal aperture and Figures 16C and 16D

depict embodiments of the present invention using a duai-slit confocal aperture.

25 DETAILED DESCRIPTION OF THE INVENTION
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profiles corresponding to the significantly dimer fluorescence of the
bacteria. 10 [046] Figure 13 provides an anplitude histogram (i.e

intensity distribution), which denonstrates the ability of the present

met hods to classify particles based on their intensity distribution. [047]
Fi gures 14A and 14B show fl uorescence tenporal profiles for control and AD
sanpl es, respectively. Figure 14C shows a quasi 3-D inmage generated from

15 a 3-D scan, and indicates nunber of l|arge fluorescent oligoners

(el ongat oot RorsHt el 4fgE! U AR AHIRE 2, pERRAAPRP, o ©
sanpl es. %}n{amaibeFlagpeamgm,Omerelmm&meejraw"tgaielfgfs|th Ithsi;araéelemtof a

mul ti-slit focal rt n the present vention for determ ning
ot ot e oddtinSersiii tedcliyhbsAnTararePDE: gur o 16A and 168
schemati c depict enbodi ments of the present invention using a single-slit

confocal pBeyt uFrRidmshd IFluE eambie® ABdist8Ryndephélsipahadere s snpf the
pr esent |nvent|on using a dual-slit confocal aperture. 25 DETAI LED

DESCRISPTIeRiecR! which|ingarabie coafopmingsio)thwehare Phg coBtaings iMpaighibs, 1ike
nurmeral s gdigi %ftﬁd’f‘s béé%kﬁlnmﬁ“ﬁ%tﬁo dr iH&%re ﬁf.naﬁaé%{dt Bgaf hék More than

one draw ng ers tot sane el ement. ?n ad erel na t he
fol |l ow nglmiwd toi, tiquods, amblnyctur[ee@I]ndréltlumrdbnammuFmHomti%amhl@foam used

synonynous n fer ny..5 Ny al _whi.ch cC f conformng to
Sh e ot s BAS A iadts AR Palied s Bsngtlid ¢redi88eBd By ot b et Botis
of the prosstihatiotveithes Fmﬁdsudﬁhelptése&lﬂtGemtptlohltmltl@é’b biologidatifiids, and

m xtures of nore.than one | I'SYUI d, colloids such as foans, enulsions, sols,

di spelPS| ogr‘\‘CBfanﬁi“ﬁ» elosg; srinabikdi sl ang donceidar birad £AGPORBASI nat i on of
t hese. IH%Qémg'blééh‘%‘a Hﬂ@t@%?tcoﬁf%ﬁ%? Bhhipled, REd BB é@li@oﬂ%ﬁﬁ{; shhipidds 10 such

as urine, bloo spinal fluid, celfular and noncel l'ular bl ood conponents
i ncl udi ngvrpl%wﬂad cgllf-goeuatrtmg:aamalass Hepusogilasts andtissleosuspessipng.daedi ni ng

sanpl es, nﬁgnﬁ’ﬁﬂ) 'ﬁehla tengét?hrfﬂ)rﬁ%. natﬁdr?ﬁmlé &) Fr%?ér%lsand tissue

suspensi ons ntation fredia generated from reconbi nation
met hods, pmdlm’adathsrecomblnant techniques including therapeutic and diagnostic

15 materiais, materials produced from transgenic animals and plants including
therapeutic and diagnostic materials, milk and milk products, water, beverages,

chemical and pharmaceutical products, and vaccines.

[062] “Particles” refer to soluble and insoluble materials present in a sample.
Particles in the present description includes, but is not limited to, molecules, ions,

20  polymers, biological molecules, cells such as eukaryotic and prokaryotic cells,
components of ceils, microorganisms such as bacteria and viruses, pathogens
and all, components, complexes and aggregates of these. “Biological moiecules”
refers to molecules that are produced by an organism or are important to a living
organism, including, but not limited to, proteins, peptides, peptide hormones,

25 lipids, DNA molecules, RNA molecules, oligonucleotides, carbohydrates,
polysaccharides; glycoproteins, lipoproteins, sugars and derivatives, variants,
aggregates and complexes of these, including labeled analogs of these having
one or more fluorescence label. “Fluorescent particles” refers to particles
capable of generating fluorescence when excited by excitation light, and includes

30 intrinsically fluorescent particles and particles that are fluorescently by virtue of
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produced by reconbi nant techniques including therapeutic and diagnostic 15
materials, materials produced fromtransgenic ani mals and plants including
t herapeutic and diagnostic materials, mlk and m |k products, water,
beverages, chem cal and pharnaceutical products, and vaccines. [052]
"Particles" refer to soluble and insoluble materials present in a sanple.
Particles in the present description includes, but is not limted to,

nol ecul es, ions, 20 polyners, biological nolecules, cells such as
eukaryoti . I f ol L.S6 such
as bacterﬁgﬁgﬁagégﬁﬁiég&%%ggﬁtééﬁgﬁgﬁﬁgpgﬁ$?nggﬁpoHéﬁpg&kﬁgﬁg%ggggﬁand
aggr egat etuarésdentiyg dabeldll phdiglesabtaimdccpartieled, fluceésrently daggedauadiees,t hat are

roduced by, an organismor, are inportant to.a livin or gapi,sm i ncl udi ng,
but not |3 PSS ASSPORIAENN BR iR ralztor A ey IHORRERRLPTHSS Vds, DNA-
ol ecul espe FOITRES WithePsingle! fARMMSH Ui LSEraliBAEIFRIBYEHYES Fluorescent

pol ysaccharides; glycoproteins, |ipoproteins,” sugars and derivatives,
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t hese havi : E&ﬁ” o | P Gl es”
refers toéS%g(r:'ta IC egﬁ ac Sggllcetv% 8’3‘3%@?%4%3’% Ilﬂﬁc?féeds{%@tgc%ggﬂ Qa Q@y&%t ed by
exci t at i auchiaghtroteamdamnadrot alitesiudatinesi nsical ly fl uorescent particles and
particles that are fluorescently by virtue of 25 their association

¥ vor eccdnpry, "PEABIEERES 19'hbaa Pl Bl S ic R §iaRBChs BB Hse agged
par ti cl esntensindap arfuncticpsofaipgn CtriztGredt infa Allorest@iceakaipeialprofilye.

Fl uorescen{?(spartj cle ma[}éI be associated with a si Bgl e fluorophor or a
pl ur dPi t yel§rs PPiiers oharteMperal arefde charasterzeity| Q@nggs bintansité @i vel y

| abel ed qfindiRAAFYinY, Ihefetatly RRRM: watc:la%sh@tatawf&amy SRAHRGhALRshgMst h @

specific type of particle or specific elenents of such particles, such as
pr ot ei ns idmdgrFtyAS fyoali edimee§cafuespf a fuamsestemicanpaabotlle mawfil e

: . : . ¢ . ) ) ;
e rostiIFginthe bR o anblc BaB3RGE 6Fond B BT b RRstiatBhE ons of a
t enpor al opsefvatien ebknectithezedsdnt delvimegemdimethotiensity as function of

time, preferably for sonme applications statistically significant changes
:O[‘ O} 15 g”i@@&j ASobHHT bR Ricdto® anfe8b AT cBlpRdt APIERF §eRyaIRY &'
in the present description and refer to a configuration of two or more device
elements wherein light is capable of propagating from one element to ancther
element. Device elements can be optically coupled directly or indirectly using a
variety of device components including, but not limited to, wave guides, fiber
20  optic elements, reflectors, filters, prisms, lenses, gratings and any combination of

these device components.

[055] The terms “intensity” and “intensities” refers to the amplitude(s) of
electric or magnetic field vector of light, such as excitation light or fluorescence.
The terms “intensity” and “intensities” may alternatively refer to the amplitude(s)
25 of the signal generated by a photodetector upon detection of light, for example
the amplitude(s) of current generated by a photodiode or photomultiplier tube.

[056] The terms “electromagnetic radiation” and “light” are used synonymously
in the present application and refer to waves of electric and magnetic fields.

Electromagnetic radiation useful for exciting fluorescent particles in the device
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result fromthe presence of and/or passage of one or nore particles through
the observation volunme of the present devices and nethods. 15 [054]
"Optical comunication” and "optically coupled" are used synonynously in
the present description and refer to a configuration of two or nore device
el ements wherein light is capable of propagating fromone elenent to
another elenent. Device elenents can be optically coupled directly or
indirectly using a variety of device conponents including, but not linmted

| onsea® A PRbods!di e s8Rl ke TRBRYes LBlaRaAG ey Viibb R B8 P02s, e

terns "inkRaRd sar isfrgled iopteshbiingtion éfahess to the anpli tude(s) of electric
or magnetic field vector of light, such as excitation light or

fl uoresc Jhe terns "intens nd "inte |t ) alternativel
efer o ORE arBATElGERSs PR Crer g PSR ar e e SiRoPbaet ect or
upon det Q@vﬁdérbd?ﬁpdne&hbapétﬂé o%aﬁahﬁtmg B?le@@ﬁ Fb#l@ﬂ(oii)elé&roﬁiﬁgfn@ﬂé gener at ed
by a phot odi ode or photonultiplier tube. he terns "electromagnetic

r adi a®i orfadighign indidgit upan &. used synonyrmusl y in the present application
and refer to waves of electric and magnetic fields. Electromagnetic

radi at | o(r)[? ST f“J‘i'raanahSﬁCﬂetféngofd'i &?ﬁrﬁﬂ%f@%&!&'&%év@e}%ﬁnm g€ 0 26 and

nmet hods present invention'includes ultraviol visible |ight,
near i nfsruahaa mtﬁ\aamemtquanaj least padmtipitiaas parenb tonthinee for[haly a sapwle i al | y

transparent" refers .ta of a terlal vi.ce.
componentnegeiEaBa s ey Lulef® aRf ie affRHSEIr BB b o

radi at i omot NGiteend, Véﬂﬁ:fal Uispla{ceﬁ'&ht "Horizaatatlisphiceneingrarcutar dirisipll acenent  of a
devi ce or device conp as _nmovenent of an at | east partially

t randPar é‘?ﬂ“%ﬁl"ﬁ?'%r"r I?'B"\J nmspa Bars?gﬁb? gotighiegs MYicRANd_RMs . Trans! ati on
May COMPichfi béntdf@?eééf hbi@ﬂor‘l hedyystol@e d%'ﬁcal ﬂ?ﬁhoh'df‘ﬁo?l@ i@y vertical

di spl acenment, horizontal displacenent, circualar orbital 10 m)tl on,
el |lipticatotonbi tal notion, parabolic m)tl on, linear notion and any
conbi nation of these. Translation may provide cyclical notion or noncylical

[059] “Predetermined pattern” refers to the functional form of a distribution of
intensities as a function of time that is matched or fit to features in a temporal

15  profile. Predetermined patterns used for matching features may be derived by
ab initio methods, such as using an appropriately scaled or normalized Gaussian
or L.orentizian function, or may be derived empirically, for example, by measuring
intensity distributions corresponding to passage of particles having known size,
shape and brightness through the observation volume. Predetermined patterns

20 may be scaled, normalized or adjusted to optimize a match of the predetermined
pattern to a feature in a fluorescence temporal profile. The functional form of
predetermined patterns useful in the present invention depends on a number of
experimental parameters characterizing the optical detection and
characterization system including, but not limited to, the alignment of the

25  excitation and detection optics, and the width of the aperture positioned in front of
the photodetector. In addition, the functional form of predetermined patterns
useful in the present invention may also depend on characteristics of particles

undergoing detection and/or characterization, such as the size of a particle
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notion. [059] "Predeterm ned pattern” refers to the functional formof a
distribution of intensities as a function of tinme that is matched or fit
to features in a tenporal 15 profile. Predeterm ned patterns used for
mat chi ng features may be derived by ab initio methods, such as using an
appropriately scaled or normalized Gaussian or Lorentlzian function, or
may be derived enpirically, for exanple, by neasuring intensity

di stributions corresponding to passage of particles having known size,

20y e eluE I Ve do haierdf e bFLEPREHIINER ity Fonro A RAEVBpE R o ™

predeternmg of Rap4reicla and the foeightnees ohadadfticker escence tenporal profile. The
functional formof predetermned patterns useful in the present invention

depends on a nunber of experinental paraneters characterizing the optical
detection and characterization systemincluding, but not limted to, the

al i gnment oeb]thﬁu?&fo%wgaaémPﬁm fRtaeli ePedint tERils anthd dsiodsdt h of the
aperture positioned front o t'he photodetector. In addition, the

f unct iSonadeviasr ganaponaniziand Mmatheds @fatheéxrﬁ%entus\@mupn iare seidoph s erderitvent i on

may al Sor{ﬂs&e 4 By ﬂg,we% a;t{ah o?gﬁreegrtdagur%softH{wegﬁggggw ﬁ&t' on

and/ or arac erlza Pon, "'suc e sl ze cle ative to
t he vol urm)pafertthlmowmttostpoeadf sékjmatﬁherarbfhatti"eemoeuﬁtmatambe:pm@uospﬂa, t he

shape of a |cIe angd t rightness of a particle. [060] In the
fol | ow ng}"’ﬂg’é’f: he&ﬁs&ﬁcqﬁd{%& gus specific details of the devices, 5 device
conponents and net hods of the present invention are set forth in order to

provi de goéjor quginedMicngovidRs ehethbés phe@bsrce@mweeeafngt llentifyirenti on. It
will be apparent, however, to those of art th t t he i nvention

can H8 prirssiideg anﬂanwa%ﬁtemzﬁ@%aagﬁéeam.acfs la%tsampge ‘F@r@ﬂﬂaﬁ' eipresaiti on
provides uﬁr;?énlaeﬁ%ran&e§§eéarfﬁfgaéaffoéﬂtﬁeFd§&apy ydeRks {¥ingPattdh ¢l assi fying and

characterizing partic sanple.” Particularly, the present
i nvent i omegegnianssiata analyaig teciiaues forimeasycopyheleanaseyationngfl patt ern

recogni t'élﬁ??esggb eﬁ'gélleg 'rése%‘?ﬂ\/né ll'&ﬁ cpﬁéem%ﬂé'a\rﬁg fap&ﬁg&gﬁﬁ]éat' ons of

fl uoresc sent ow concentratrons an
char act efflusiasgent partlcles on the baS|s of s:ze shape, diffusion constant and/or

15 composition.

[062] Figure 1A provides a schematic diagram of a top plan view of an optical
analysis device of the present invention for measuring the concentration of
fluorescent particles in a fluid sample. The optical analysis device 100 comprises
an optical source 110, a confocal microscope 120, and an at least partially

20 transparent container 130, such as an optical cuvette, for holding the fluid sample
135 containing particles, a means for moving the container 140, a photodetector
150 and a processor having a pattern recognition algorithm 160. [n the
embodiment shown in Figure 1A, confocal microscope 120 comprises a
collimation element (e.g. a pinhole or slit) 170, dichroic reflector 180, first

25  objective lens 190, second objective lens 200 and confocal aperture 210 (e.g. pin
hole or slit). Optionally, optical analysis device 100 may further comprise
emission filter 212, excitation filter 214, analog —to-digital converter 220, display
230 and device controller 240.
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fluorescent particles on the basis of size, shape, diffusion constant

and/ or 15 conposition. [062] Figure 1A provides a schematic diagramof a
top plan view of an optical analysis device of the present invention for
measuring the concentration of fluorescent particles in a fluid sanple.
The optical analysis device 100 conprises an optical source 110, a
confocal mcroscope 120, and an at |east partially 20 transparent contai ner
130, such as an optical cuvette, for holding the fluid sanple 135

cont &l i GeRP” (G so ol B L O A FOCALABS o Gop R Blipt et ect or

150 and avin ern recognl n t he
enmbodi mertly @dtaained o) gutieh ibopromdeﬁQ@abnmibalrmmmmp&mccﬁmrtammmt

collimation el ement (e.q. nhol e r slj 170, dichroic re r 180,
first 25 qnspeaty %"“’ﬁeérﬁ%’%fgg COQ'@?;%WG @EE '2)% tF@ﬁQVQGOE%BQ&BW%‘?
aperture &lflafiéh fyht Mdt is ARt &eQ'onkd Hlﬁ:%rongg?ﬁﬂrmd YAt I@Q&t‘&é&)rn@ﬁ%'f)ﬁ% s device

100 may further conprise em ssion lter 212, excitation |ter 214,
anal og - tosllmafed akcitaliondight pagszs, thmugblthy first3bjentive s A0, wmfr ol | er 240.
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t her eby gener collimated _ excitation light ect.ed onto

di chroic |gpbsi 3TIORY VIR ?2 78 pesitiangd %fh'@ﬂbe%a"ee e 3%’&%6?@&& tation

l'i ght pa$|§ﬁ§3(§d‘{v|‘?ﬁ%dttb‘?hé béﬁ]blé)é&cﬁt%& ifviBrdsRBAt pdttlcle¥hiveich geRerges the
excitation li on to the sanple 135. The focused eXC|tat|onI|ght s at

| eastlopaﬂupmspyn@e afpertiarcef thadlgatascenes flam thefobsentadipAePILTFD2Ehd i s
f d 7 th |
ocuse '(%Etﬁmﬁlcﬁﬂfg%ﬁrgg%gé% ragw gg%ﬂ’[u'ﬂér?ﬂ 8) Q d%ﬂ bl B ?qﬂe%ﬁﬁbgt € sanmple

135. Exci o the e ex es fluorescent
parti cl esicmiscoe gﬁﬁhandtpeom[ﬁ)ed tauph@edetector 150pwhtchqneaﬁure$1§1a‘ ihtemiségcence

fromthe servation, vol u 270 che ically represe ashed |ine
NI 3 oo e S e e g S e S P e L2l

phot odet ﬁﬁipﬁgai&oaloM\@de’roﬁ&?eﬂWn%ﬂé béintiabenwitth Yhe prbfohgalmmaﬂgaﬁe 310 as a
function of tinme. Although fluorescence 310 tygl cal ro aPat es along a

or opadat PEAaRNdiaRb 3R HemePiatedhin HigUst bb4end FBR mkidure®) 26 shghtly

displaced from excitation light 300 so as to provide a means of distinguishing
excitation light from fluorescence for the sake of describing these Figures. In the
embodiment illustrated in Figure 1A, fluorescence 310 from observation volume
270 is reflected by dichroic reflector 180, passes through second objective lens
20 200 and confocal aperture 210, and is imaged on the sensing surface (e.g.
photocathode or photodiode) of photodetector 150. Use of confocal aperture 210
prevents fluorescence light not originating from the focal plane of the first
objective lens from reaching the sensing surface of photodetector 150. The
present invention includes embodiments not having a collimation element 170,
25  particularly when optical source 110 comprises a laser providing beam of
excitation light that is spatially collimated without the need of further collimation.

[064] During optical analysis, means for moving the container 140 moves

container 130 along a selected trajectory, thereby transporting sample containing

particles through the observation volume 270. Preferably for some applications,
30 particles are transported in and out of the observation volume one at a time. In

the embodiment illustrated in Figure 1A, means for moving the container 140
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15 excitation light 300, it is depicted in Figure 1A (and also in Figure 5)
as slightly displaced fromexcitation light 300 so as to provide a neans
of distinguishing excitation light fromfluorescence for the sake of
describing these Figures. In the enbodinment illustrated in Figure 1A,
fluorescence 310 from observation volune 270 is reflected by dichroic

refl ector 180, passes through second objective I ens 20 200 and conf ocal

aperture 210, and is imaged on the sensing surface (e.g phot ocat hode or
phot odi o I events
R

obj ecti vecelntmsaffttn@nmmtamhlang mthﬁsesamthagpmpagaim a»f:s phexadéoe Gglotr 150 The
present inven cl udes enhodi ts not having a cqollinmation el enent
70: 55 TR livay RS soptaiog 100008 St e rasiile 2may or ovi di ng
beam of s%@tatrﬁhmﬂaﬂanahb dr'&@tnclo%nﬁﬁﬁh'tﬁé b¥isGR rbtaliBh efcynthineriad.he need of
further collimation. During optical analysis, neans for noving the

cont aPnerTheqotationes cop Qafl"ri?@rls B8 @BB@@'V&”Q%‘I%@Q byiatrow] 380 andthet her eby

t ranspor vol unme
270, Prorenbe o apeHent 8 BHinep P50t AR B A A i 1 ancl
out of tHKB8esbSiguratBon vol une one at a tine. In the enbodinent illustrated
in Figure 1A, neans for noving the container 140 29 0 sinultaneously

o e IS Eiure 1B R o ek Rie et B & RO LIRS, oo ohe

and Verticgl&idrkaﬂt@@ttécﬂgm@m&aﬁel’mdlé’élealdblgrvaﬂora)ébmme‘ 270 ev@mb!e an axis

substantially paralle|l to or coincident with the axis of i
cont AP e 384\ SES ot tiGuIoHS 5t TR nprigale SRBCERaN S 408 911

by arr ow,3ahafen bR 38uesfithe @xcithtRpl I@ﬁ?”ﬁ%cﬁémﬁﬁéﬁl@'ﬂ%&re@@ S

schenmat i cal l'y illustrated by arrow 3 uré EOGS] Figure 1 B
shows anagrparfdoansd IR0 ooriainef 18018 almtéhaneguﬁlmmtptadsawtaota ignalndri cal
cuvette. \ ldgﬁ e 10
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Iustrated

270 and systematically varies the position of particles in the observation volume
270 relative to propagation axis 384 of the excitation light. In embodiments
useful for optimizing the signal — to — noise ratios corresponding to measured
fluorescence intensities, the rate of rotation and/or vertical displacement is

20 selectively adjustable. The present invention includes embodiments wherein
container 130 is moved in a manner other than the combination of rotation and
vertical displacement, including translation providing horizontal displacement in
combination with rotation, vertical displacement or both rotation and vertical

displacement.

25 [066] Optionally, excitation light 300 is passed through excitation filier 214
positioned in front of optical source 110 that is capable of transmitting
wavelengths of light capable of exciting particles in the sample and is capable of
substantially preventing transmission of wavelengths of light corresponding to the
fluorescence 310 generated upon excitation of fluorescent particles. Optionally,

30 fluorescence 310 is passed through emission filter 212 positioned in front of

30



vertical displacenent axis 385 and vertically displaced al ong rotational -
vertical displacenent axis 385. This conbination of rotation and verti cal
transl ation of 15 container 130 transports sanple containing particles

t hrough observation volune 270 and systematically varies the position of
particles in the observation volume 270 relative to propagation axis 384
of the excitation light. In enbodinents wuseful for optimzing the signal -
to - noise ratios corresponding to neasured fluorescence intensities, the

rate of rﬁb&bh@fécﬁﬂ%ﬁ.rthé{fﬁ%gég%le%gﬂhéﬁxﬁs abéleﬁ&th%edf‘ﬁgﬁti vely adj ustabl e.

The prese I'nvention inc enbodi men erern- contalner 130 is noved
i n a manneorredpoadingharnhe fleoresndicead1dandfs capahia ofrsudnsthntialy prevahting

di spl acengnt, includin ransl at i rovi di,ng .,hqri zont al displacenent in
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vertical opﬁlﬁﬁé@é@lff?ﬂﬁticle%% HRS&ImplRL i OpRlrally, @irolcaiehiedtot 18tis 300 i s passed
through excitation filter 214 positioned in front of OE;)I cal source 110

that i%s cegrableobravelengthidisaringnatisly &resrgnmle by prefgrantisdypiBnemiindexci ti ng
particl es.} & t:he i Lalpy hng

transm ss?%drl}aggﬁ\lf\g@e gﬁagrtﬁﬂ;gr eo‘?%eﬁf.?“gﬁ? b@%ﬂngsf%}gg |C%QE? gH?hgg éﬁvﬁﬁtgscence 310
gener at eddisgrimineticn petvidat lof ekditatioe fiten214 anissibe $iltelG 2, aiickirdig, 30

fl uorescenge 31?@@?6 assed thr.oug)l? em ssi.on, fil IEOSi ti fé)ned in front

o 050" C TRIEeRE a0 PoRRY B8 Mpinkiof 2f yiBerirRR carpadilants BRI B engt hs. of

i ght  cosversipoashitivitylod opfi€al fAndRsRSERMEe1 UL QitaRes pett Engatebendf
substantially preventing transm ssion of wavel engths of |ight

cor r edporfBrAFNg tha&opgeitiationsd andanabmiiceartisless | uor escent particles in
the sanple. Optionally, dichroic reflector 180 is 5 capabl e of wavel ength

di scrim B[QB?Pn,THthte%ﬁ*ﬁBf%&ﬁsé&rﬁ;feeﬂ@’i%id@ltéded b phBiddktdtfor 1B0CAd At i on
light 300 and preferentially reflecting fluorescence 310. Wavel ength
di scri m fapetsm ¢fitone dbereby gereratiagiaoientndralgirobiesf flspfessenee frome er 212,

di chroi t[}s%“a%h%ﬁlﬁé’z?é" fr??ﬁecé}ﬁt?#&]ﬁ'@anug{rat%H?@gliggﬁ’é i1¢8htgﬁg”p°”e”t S

enhances ¢ overall sensitivity of optical anal delic 00 with
respect tsigres ectrésppndidy toehs phbtogutrest oiptcdodetattooh50is takfamadd/ zi ng

P el € Sorh 2R gl 08 il gl By §A5A % Hdhl BoRHEF 256, B
output signals are directed to processor 160, such as a microcomputer, having a
pattern recognition algorithm. The arrows shown in Figure 1 indicate
communication of output signals originating from photodetector 150. Operation
of the pattern recognition algorithm, matches predetermined patterns to features

20 inthe temporallprofile, and counts the number of matches during a given sample
scanning time. Predetermined patterns used for matching features may be
derived by ab initio methods, such as using an appropriately scaled or
normalized Gaussian or Lorentizian function, or may be derived empirically, for
example, by measuring intensity distributions corresponding to passage of

25 particles having known size, shape and brightness through the observation
volume. As the features matched to predetermined patterns correspond to
particles detected in the sample, a measurement of the concentration of particles
can be extracted with knowtedge of the net volume of sample passed through the
observation volume for a given sample scanning period. In one embodiment, the

30 net volume of sample passed through the observation volume for a given sample

scanning period is determined by multiplying the net length of the trajectory of the

31 ©



function of time, thereby generating a tenporal profile of fluorescence
from observation volunme 270. In the enbodinent illustrated in Figure 1,
out put signals corresponding to the photocurrent of photodetector 150 is
transforned 15 from an anal og signal to a digital signal by anal og
-to-digital converter 220, and output signals are directed to processor
160, such as a m croconputer, having a pattern recognition algorithm The
arrows shown in Figure 1 indicate comunication of output signals

ori gi nat'@&tgltng Q@P&r% b&s 58 éeSQ tﬁgﬁ}@ériogf'? f?lf \}ohﬁnggs‘ %@r%ﬁtecogm tion

al gorithm nma termn batures e tenporal
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time. Predeterm ned patterns used for matching features bg derived by
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t hrough tf@%gﬂ&%ﬁo¥%+?ﬁat: %r‘lﬂ?ﬁs %ch%Hg sni%g Lﬁ?ﬁm ?terﬁﬁé\%g?y I eriod is

det er m ne he net 1% raject the 31

cont aiOnercolrsz@pbmlngtcgtheemassagploépactm:tm;lthg)qmrarodbmvatlw wobieee of the point
spread function of the confocal m croscope 120. Use of a confocal
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m ltirters. N sone a Lcall on use serv | On VOl une avin
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105 nB t Qr@fpteimiped phRérisinhfenBl &6 fdiGés iR %rnﬁborél%eﬂl@ tHpn al gorithms of

the present inventi on may be a conponent of ta | tering al gorithm

t hat 1bdesxiafips thewidb@hthe p:@dﬁtﬂrwedwpaitqrermp@ﬁhed tﬂf@aturés in the

temporal profile is correlated to the residence time of a particle in the observation
volume, size of a particle, shape of a particle, or the diffusion constant of a
particle. Optionally, operation of the pattern recognition algorithm also classifies
the particles in the observation volume on the basis of particle brightness by

20  determining the total integrated intensity of predetermined patterns matched to
features in the temporal profile. In some instances, discrimination of particles on
the basis of brightness provides information related to the identities and
abundance of molecules bound to selective fluorescent labels, such as

fluorescent antibody tags or fluorescent DNA probes.

25 [089] Optionally, operation of the pattern recognition algorithm aiso generates
one or more statistical indicators characterizing the quality of the fit of the pre-
determined patterns to the observed temporal profile, for example by providing
parameters, such as chi-square values, indicating the statistical significance of
each matched feature. In one embodiment, the pattern recognition algorithm of

30 the present invention calculates the chi-square for each match by weighting the
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10 corresponding to the passage of particles through an observation vol une.
[068] Optionally, operation of the pattern recognition algorithmalso
classifies the particles in the observation on the basis of size and/or
shape. In one enbodinent, classification is achieved by evaluating the
anplitude and shape of predeterm ned patterns matched to features in the
tenporal profile. For 15 exanple, the width of the predeterm ned pattern
mat ched to features in the tenporal profile is correlated to the residence

time of adlﬁ&re%bé b%tv{éél-:‘rrig?eémr%eéﬁ/ e%l%(t%gﬁ‘\ﬁ%grpﬁﬂﬁnema teBtBttwlye’ shape of

a particle usion cons I'ona operation
of the patarewitbcrgestimativnadfgoe stdmntaad devigliasei éécﬁsneﬁ%emnti cles in the

b t I th ticle b by 20 det
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features duipdthtRat &@E@ﬁt@'th@bﬂfdeb@ed bBtaSaHErdsnfié AkASs dbnghiraionadfi on of
particles on the basis of brightness provi des information related to the

i dent i5t i qrarkgles, sasdighibgtionpf ﬁ%'l’ﬂét%il%@/Qj”dm&ﬂ'tfietfss@qﬂéblﬁti%dmw esdant
| abel s, rr]m?fthaft ‘sué’és‘?(?%%ba fﬁ)ggg%PEPan?r o dile Ué’rﬁﬁé&lﬁ"@w t A probes. 25

[ 069] QOt ona opération o tern recognltlon gorithm al so
gener at esxaome, dhe lmatterrsneabgsmonalgdrilﬂdncgaheredesIaatnsiogram ghowing tiee qual ity of

the fit of the pre- determ ned atter o,the abserved te ora profile,
for exampl“ 8’%{0@ W%éatﬂﬁﬁg F@?%”dﬁl%bﬁhgyﬁﬂn% ?‘?'Rﬁ%p II ndi cati ng
the statijgtehfabd Hitomifidscanaatchbd feéaghesiat ched feature. In one enbodl ment ,
the pattern recognition algorithmof 30 the present invention cal cul ates

th hi f h tch b ht i h 32 bet
oot Pe TN b lrrataenim ioctoia Ve dhlical Shitiie gofine 10P@atanaos cr ao "
esti mati Qs donorie@RdRld RYbfiéd Sub Qﬁd/@a@.@R@w @fide corftdiiePRad | v,

operation of the pattern recognition algorithmalso generates an_ out put
that preseaperablyconnesiesistedhe meanarfar mexinotthe continess Oanceatraddesh of 5

particleg, a;tsleégt %é&é&%%ﬂ?@ﬂ%t:&%% 9 o%%s &, R dridbRESSinflngt i bution of

particles, eval uated by an operator. In one
enbodi rrerdbvlcé@mntrebkempbewe$ beatpuatigaals fran qngmetssomem (sohettaticgiyner at es a

rr]r:a)s(f ig nh%@ﬁgs?aﬂbérpcg\p;) g%q 15 capablena’itgeneratfmegag %[aEa%:te(éiotrrzgjgcs,t%(r)ync()jlJ ng to the
container 130 having selected rate of displacement, for example a trajectory that
repeatedly passes a selected particle of interest through the observation volume
270. Display 230 is provided in at least one way communication with processor
160 and is capable of displaying unprocessed fluorescence data, processed data
20 such as a temporal profile matched to predetermined patterns and other results
of the operation of pattern recognition algorithm such as number of features
matched to predetermined patterns, concentration of particles, the size
distribution of particles, the brightness distribution of particles and statistical

indicators characterizing the quality of the fit to the observed temporal profile.

25 [071] Figure 2 provides a photograph of an optical analysis device of the
present invention comprising a scanning confocal microscope in combination
with processor having a pattern recognition algorithm. The apparatus shown in
Figure 2 comprises a small confocal microscope that has a horizontal geometry
and a mechanical instrument that holds a cylindrical cuvette (about 1 cm in

30 diameter) with two motors that provide a rotational (about 5 rev/sec) and a slower



integrated intensities of matched features. 10 [070] Referring again to
Figure 1A optical analysis device 100 optionally further conprises device
controller 240 and/or display 230. Device controller 240 is operably
connected to the nmeans for noving the container 140 and is provided in at

| east one way communi cation with processor 160. |In one enbodi nent, device
controller receives output signals fromprocessor 160 (schematically 15
shown as an arrow) and is capable of generating a selected trajectory of

cont ai ner LN I |.shl , I a
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pr edet er phnefn ARhT B RalPoring!diens ARG the Bmpibe operation of pattern

recogni tion algorithm such as nunb of features matched to predeterm ned
patterns, concentration of particles, the size distribution of particles,
the bpi gl%ssFar generpling excitatiopdiont. @nceptisabiseirae ceMPEaING g hAlPERt or s
charactegjzi ' 1 b I borprofile. 25
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wi th processor. havin attern. r nition algorithm Th aratus shown
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(about 1 cmin 30 dianeter) wt wo notors that B/:eglw de a_ rotational
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ensure stR g?‘flggoézjﬁ'}ii'nd;g%jén Z%ﬂcgeﬂ%%t %‘é’l(%lgé rﬂ\(/;gﬁllgerqs%g‘l‘ag‘rggg ’hz&"gfgﬁ ed in
subsequetite pratodetattos teeaysid detectioh|aliaing xcitaticndighd reflectashipethed about 200

pm from IEETOYI\%h{ll:rgf;nﬁlggliel%gélﬁéeg et:gggérgg‘:r%cm?e\l%%%l %gﬁ)gégogl%l?d%&r gener at I ng

excitati U F1sing a anp coupled to a
525nm baasmpasiag fa pHots-naltiflie- Wi (FMBPAM1 2aHangmmatson Theasignai(fBirabi [ ite

201715 Spt %tPrﬂ:FFi.Q ¥escl I(I;l% a%ru%m:fqei;\nnngel %%%Tt%/%x gé&u?éi{ignncéridg%é p%E)toacurrent
is sampled with a variable time resolution (1/40 kHz = 0.025 ms or less). The
time trace of the signal giving the photocurrent per time bin as a function of time
is stored in the computer and analyzed using comprehensive analysis software
we refer to as simFCS. Among many other functions, simFCS calculates the

20  autocorrelation function and the photon counting histogram. A correlation filter
program having a particle passage pattern recognition algorithm is also included
in simFCS. The function of the filter is to match a predetermined pattern to
features in the temporal profile. The width of the pattern matched to features in
the temporal profile correlates with the time of passage of the particle through the

25  illumination voiunﬁe. The system is configured such that a histogram of positive
events is obtained and individual matches are viewable. The correlation filter
program based on particle passage patiern recognition aliows sub-attomolar

detection of particles with iow brightness for less than a minute of scanning time.

[073] In the present invention, the total volume that is analyzed during optical

30 analysis is proportional to the total sample scanning period (or detection time).
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neodym umyttrium |l aser providing 532 nmexcitation light is provided. The
radi ant power of the optical source required for detecting particles in
this 10 experinmental configuration is less than 1 nW The objective |ens
provided is Kyowa 20x (N. A 0.40). A long pass em ssion optical filter is
provided in front of the photodetector to avoid detection of any
excitation light reflected by the dichroic mrror. Fluorescence detection
i s achi eved using a photodetector conprising a photo-nultiplier tube (PM)

HC120 ( Harmgdtihdted UBRiInT 8Re PlifNSdraall Finki@n (\?Péﬁ?ln'tﬁé Qoffoddpl - channel 12

bit A/D acquisition card. The photocurrent is sanpled with a variable tine
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to as simy § 02 Ee functions, sinFCS cal cul ates thgy20
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[073] | nthErggnificatien fmrﬂf.tm\comfﬁéa&ratcaqsceeew breargseoadat 3@d during
opti gg! %Q.saﬁa@% Mg ¢ jegpreﬁgamd Mgbf iR émaf.eﬁ ﬁéht%@mﬂ!s%aﬁ:‘ﬁﬁd?éw 0gingeriod (or
detection tine

e estimated vol une of Poi nt Spread Function
(VPSF) i the pleysieatfoptieg of tﬂm(swe@dfr@phﬂ a eododineentyyhargie lexpy addioare VPSF = |

LxI x (I _L ( bservation
al ong t h&Y I(]tl recq]fc{)gns I?bo n%'ch{% qu]ﬁgéré Qter ﬁgﬁée‘%@éﬁvg F%{r}&}ﬁ the Y

di rect i oprovidus & volsintehef therﬁgﬁm Sﬁreadiiﬁuﬂb&ma@malm 5ix10%aicrahgdi recti on. Wen
a rectangular slit is provided in front of the ghot odet ector, Lx

VPSF = (70 gm) x (500 zm) x (150 zm)= 5x10  (pm)

15 [074] The total length (L) of the trajectory of the at least partially transparent
container holding the sample for a movement scheme involving rotation and

vertical inversion is calculated using the expression:

oo

wherein deuette is the diameter of the cuvette. V. is the rotational velocity of the
20  cuvette and t is the sample scanning period (or detection time). For a sample

scanning period equal to 100 sec, a cuvette diameter equal to 1 centimeter and a

rotational velocity is equal to 5 revolutions per second, Equation il provides a

value of the total length of the trajectory equal to1 6x107 ym:

4
1x10 wm

7
100 ds)) ————| =16x10 .
)( seconds) — x10 wm

L = z(1 cm)( >
: second



and Ly correspond to axes that are orthogonal to the propagation axis of
the excitation light and are cal cul ated using the physical dinensions of
the slit and the magnification factor of the confocal m croscope, and
Lzcorresponds to an 10 axis parallel to the propagation axis of the
excitation light and is calculated using the physical optics of the
system In an enbodi nent wherein L, Ly and Lz are equal to 70 m crons, 500
m crons and 150 m crons, respectively, Equation | provides a volune of the
Poi nt Spread Function equal to 5 x 106 mcron S3. VPSF = (70,um X

(500, urn) x (150, um 5 x 106 (PM 3 15 [074] The total length (L) of the

trajectorjo7s] tiee ﬁital'@rhﬁﬁe PAy ExRbled durmasEP8arple scafRingi geplbdhe! di ng the

sanpl e for a novenent schene |nvoI ving rotation and vertical inversion is
cal cul at edrayiiasy the @S on: L =)r \ | d cuvette/ 1(V J (t) (I1)

wherei n douve nmeter of the cuvette. Vr is the rot onal
vel ocity 8/1? t#}%%c%o%{}\%}g?n and t is the sanple scanning perio ,(

det ecty onwhérsi Lié:ﬂfe totdh RNt of BeArd)etOnPATd CebsRaBltiohqs #H0crees, a cuvette
diameter equal to 1 centineter and a rotational velocity is equal to 5

revol uti &%Ct'e@roféf&@wwﬂwaﬁe@m pHcihpB ifreie®sg segligruefl the obgervalieal | engt h
f the t
gr’r)(s:co;%g %Bﬁ%gglﬁtﬁﬁﬁhgﬁﬁ%aﬁ%&%g]% cﬁgt B(%% JHF%%F%XE é’f)—tt al vol une
(V) expl oﬂe)@mtatim lighj. dn saeemndetiamani wgeqeén L,oahd k. anprexial sd50Y mtidrens

t he.t ot al
Cength ofhtoq plgrbet J%ﬁp% (e e CBsstdiion & PR e B e Sl eI -t ne

observati on region, ¢su t he cross section of thg observation region
al ongl0an @pdssSqmibaI::‘( jxoc dqébs:OOQm |ldem1)t=c7 3 heoprapagati on axis of the
excitation light. | odi nent wherein LY and L. are equal to 500

m crons and 150 m crons, respectively, the Cross Section is provided by

the exprggssPn:subblitutbASF a8oks ¥echion of7.5 % 10* microns? and a total length of
the trajectory (L) of 1.6x10” um (see calculation above) into Equation 1l results in

a total volume (V) explored during scanning equal to 1.2 ml

7 4 2 3
V =|1.6x10 pm|x75x10 pm |x|——| =12em = 12ml.

15 [077] Therefore, more than 1 mi of volume is explored during a 100-sec
measurement time in this experimental configuration. This calculation illustrates
the ability of the devices and methods of the present invention to detect very low

concentrations (a few per milliliter) in reasonably short scanning times.

[078] It is important to note that the sample fluid never “enters” the inner
20  workings of the device. Careful filtering is not necessary to prevent clogging.
Frequent cleaning is not needed to prevent contamination or bacterial growth.
The sample is also not lost as in flow cytometry. It remains in the cuvette and,
thus, can be subjected to other tests if desired. This attribute of the present

invention is a significant advantage when working with hard-to-obtain samples.
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| x I =500 um x 150 um = 7.5 x 104 um2 . / [076] Substitution of a
Cross Section of 7.5 x 104 mcrons2 and a total length of the trajectory
(L) of 1.6x107 pm (see cal cul ation above) into Equation Ill results in a
total volune (V) explored during scanning equal to 1.2 m | V = 1.6x10 7
fan x 7.5 x 10 4 fan 2) x 1c7 3 = 1.2cnB = 1.2 m. 1x10 fan 15 [077]
Therefore, nore than 1 ml of volune is explored during a 100-sec
measurenent time in this experinental configuration. This calculation

i |l ustrat @f,g] t 'ﬁgé‘l%i i %NS?E”Q}S nﬁ)‘i‘é’ o6 And, %{gmg&apﬁroh%ﬁfﬁﬁﬁ@%) in

i nvention det €ct ver ow concentrations (a few per
r easonabl mosingrthrosighring nhsenvaten vHl0re] gdrteratediuspay therpresent mptiealt hat t he

sanple fluid nev "ent.ers” the jnner, 20 workings of the. device. Careful
T Leri gt TR THEdERLaPiesP BB B Bl bt o Sl A R ng | s not
needed t acpFeRyBRls EPMham BASilray (Mitsh AHetedlordl pPwhIB showhen SRjtIBéE 8 1S al so
not lost as in flow cytonetry. It renmains in the cuvette and, thus, can be

subj eét edv@bacAtead ysirg 3 comhirationef rotalipg ohthe ¢ostieiaenholding the sample

I nvent i ongi ), L1 C; NS | Ay 2L Oxphtain
sanpl es. n%élslg??tgi?grbi&—f)gﬁ}r%eq%qgﬁg%\g&?n ex%&@%?ﬁ%ﬁ%&ggc@@%&?gﬁgoraI

profil e ofericgbarnersiom of theviandgainér neldingtthe setnpde aba rafe of eboutel gener at ed

usi ng the present optical _analyzer he y-axis. corresponds ,to.intensity in
ar bi U1 ar DN LS R SERenS. Eonare BripedpBRiET PIstis RLTRE SRR 2potini t s, The
t enpor al P3G bh@ 9HPINELriddpbhd i paSsdye/efpaateles trdugls titdoksep@tinnat i on of
rotation of the_container holding the San@lypgplo?)t a rotational velocity

equaliOt o voBBOE- Bistire AARNoBE fsarPoTahRiolle qaneyatgd dy the pplical)

I nversio ' ; ' ; 1

centi met (raé]rn%li g%%‘é@%ﬂﬁ%@?t‘ﬁ%%d?%r%f%’ﬁgﬂhﬁ)@c&% ?fog) rg%tc‘tﬂleﬁg&s equal to
about 9fed0remnid the EA0peial predifso ndliso shpwedadégwé 4faanei tbe ebi squasaigh t he

obser et Ak iRk oo FSSE8RS DG P TRRARe Db BPER, 20 )t o
(m ddl e prefilp. Fijueddd grovides an overlap piot showing a feature {curve A) observed
15 in a temporal profile and a predetermined pattern (curve B) fit to match to the
feature. The shape of the predetermined pattern matched to the feature is
defined by a Gaussian function. Use of a Gaussian function provides a first
approximation for transportation of a particle through the observation volume.
Methods of the present invention aiso include use of predetermined patterns
20 having a more complex functionality, depending on the system and the
application. Figure 4C shows the intensity-distribution for a single pattern on an
expanded scale and Figure 4D displays a size distribution obtained for analysis

of a heterogeneous sample.

[080] Figure 5 provides a schematic diagram of a multichannel optical analyzer
25  of the present invention. Multichannel analyzer 600 further comprises beam
splitters 601, additional objective lens 610, additional confocal apertures 620,
additional emission optical filters 630 and additional photodetectors 640. Beam
splitters 601 are positioned such that they reflect fluorescence from observation
volume 270. As indicated in Figure 5, this reflected light is passed through
30 additional objective lenses 610 and additional confocal apertures 620, and

imaged onto additional photodetectors 640, capable of measuring fluorescence

o
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features in the tenporal profile. Also shown in Figure 4A are the ch

square values (bottom plot) associated with each pattern natched to the
tenporal profile. Figure 4B provides an overlap plot showing a feature
(curve A) observed 15 in a tenporal profile and a predeterm ned pattern
(curve B) fit to match to the feature. The shape of the predeterm ned
pattern matched to the feature is defined by a Gaussian function. Use of a
Gaussi an function provides a first approximation for transportation of a

particle |E%n9*ﬁg§ ay}:lefuﬂg &atlirjng n d¥ Qh%gﬁfmerlyggpﬁ%:pr@éeﬁthﬁv&ﬁ%ﬁEEI@.E]‘ dinvention

also inclu use of ermne tern aving a nore co

fﬁnct i 02a‘br s:gnulwepemﬂay a?d mgje}[ﬂwds?ﬂy mmmamhg ﬂmreamoedmm arpturﬁhtymfg alC I
ows the.inte i stribution er expanded scal e

o o hanbs it B arsh A aPeied fitf oAt vibS Pesiafith et "or

het er ogergﬂwt@deiéém} £50 hﬂ@@hdiﬁbaa ﬁ&oﬁt@&b%(ﬁaf&c@@éﬁi{bﬂo@fd@d@@ﬂﬁm of a
mul ti channel optical anal yzer resent invention. Miltichannel

anal y2er dfferen mr$§r0nc<mﬂ§al filtess ﬁéﬂrﬂhatémﬂsm"el@tGélmgéﬁlﬁcﬁﬁ‘%nal obj ecti ve
T eor oo MR AR RIRGOC S rnRRERAMITR DS plesatifBiofTheRkg, P | ©

filters ona ectors 64 splitters
posi ti onggnetatbs armmratlﬂyegf ﬂuefdseencé tammbmﬁmsfthmmmonam signaleol une

270. As d t hi flected light is. h h 30
200 1 i Bttt lofesrehEordbe’ MittetLn BF sRdv-edi piSiRERETfelidh *ag0. *ond
i maged 0rafs@ﬂmﬂﬁlcuas%rfﬁhgmaeﬁ@éi@bﬁ%@bésu%ﬁco:ﬁaaahb@ Mteme nglrﬂgnther
fluorescence O 37 intensities as a function of ti odi nents of the

preséft eAkastiments of dhe presept inypaiien m@m@l“‘;ﬁt‘arn’lﬁq ﬁﬂ@ﬁ@ﬁ'&l@ﬂ@'l y. moni tori ng
fluor esc?) Fbe ek gl U:{)r@'éatc}ﬁ drbviadl Wltﬁrae&nf{%éélgggtﬂgg{‘&fé’ﬂ%%t% aOCI at ed

wi th par S 1 n the observation region oto 150 an ddi ti onal
phot odet dtisoermbédithent ef Elrmac;trepemi\AnMiow, ther@foda fdepeeates amlgslityrofopt i cal

Thi s embUPRERENTS T gbe thakegRne Fnapers BT gIREP S e s piurai 1ty
of fl uor efferantasiiesM@ich cair 168 bhalyzéd & preldecinformadtion useungdrs  from
e g Seles e ba 6 is& indor Shghg 200 Lo Provide nformation
[081] Figure 6 provides a functional flow diagram illustrating steps in an
exemplary pattern recognition aigorithm of the present invention. As shown in
this figure, a function type, such as a Gaussian function, is first selected to serve
the basis of predetermined patterns that are used to fit features in the temporal
20  profile. Next, the filter is applied to a segment of the fluorescence temporal
profile having a selected length, such as a length approximately equal to that of
the pattern. The intensity of the predetermined pattern is varied and a least
square fit is obtained within a parameter limits set. If a match is obtained, the
feature is recorded as a particle detection event and the intensity is saved. ifa
25  size distribution is also desired, the pattern width is scanned between a
maximum and minimum width set and the width corresponding to the best fit is
saved. This process is then repeated for the next time interval of the temporal

profile.

[082] The methods and devices of the present invention may use a wide range

30  of optical, electrical and mechanical device components. Optical sources useful
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useful for classifying particles on the basis of conposition.
Alternatively, in other 10 enbodi nents of the present invention,

phot odet ect or 150 and addi ti onal photodetectors 640 are each provided with
a confocal aperture of a different size. This enbodi nent of the present

I nvention, therefore, generates a plurality of fluorescence tenporal
profiles that correspond to observation volunes of different sizes, which
can be analyzed to provide information useful for 15 classifying particles

on the bag e %rﬁ%é’m@ésohag%%nsg%}ﬂomfﬁ% EorfbrBhSduEss, dudipet i onal

flowdlagramll ustratin S I'n an pattern récognition
al gori t hnlasérs, hed plae*sminandiampxsommcesAsAlﬁmmweiy} broémt bafhd tunes mayfenct i on
tion, is first se d.to serve the basis of

type, such sian fungct

br et or niGaES0 T ReTRRAI Hieu B ToieRh HEUTH Bt VRS &por al - 20
profile. f¥xing didechi kuet as spaeRlinteHetepca e Mmthciin §ladng loHor escence
tenporal profile haV|ng a selected length, such as a | ength approximately

equal X o TRAECIPME{¢eisFPYidpd to Fnkieve expiation radiaties hgviag & sifisiently pat t ern
I's vari edné]rﬂﬂm%:alv@%ﬁgth aagfaighﬁorﬁ t&al;o%veéﬁﬁf.\féea’et%m& ReATRIEr imts

set. If a match 1 s obtal ned, eature Is recorded as a particle
det ect i orpatiees imiie abiseniativemsgipy. iGptcalealirced inalude, butzaredios timitbdit i on i s

al so desi e tter width is scanned bet n i_mum.and m ni num
o dth seroasetsnBalPEna ArES Te namRians S BR B oAl o @Y i <
process Idétitélﬁﬂn ﬂ&ﬁﬁ@taﬁ@bnfl@mpt Aglogen larhp BEfidYestartlladb, bhe of mFReT al
profile. nmet hods and devi ces of the present I nvention nay use a

wi de Itoand@%t QW“B’F'Q giocee ALED). ect ri cal and mechanical device conmponent s.
Optical sources useful 38 0 in the present nethods may conprise narrow

band cohqogst Wr;ﬁé§ent$h@htuéﬁ is t@ﬁagéﬁbfem FRVERNORAREnToRE ot RE[ CES.
Alternatlvely broad band | anps may used as optical sources in the

present iMIGEIHCOBES BRBPTISEY atqoé!tm@ti%@*@mng{ehg pinhelerarst) én eptiasd, such as
optical idhehl SESMEwi Etlt‘ém sd! rE(I: d;ﬂ&ﬁﬂoﬂ:“re%@tbf i é)crtwé #éﬁ@é’ﬁcﬁ%&ﬁr’ ' S

provi ded to achieve excilt ation havi g I Clen narr ow
wavel engtapedue‘:t fe. putintorie loosﬁt[) Irmrptmhsmrhmmaa%bamt[im pbtbtodai&ﬂnromjsfer om
| es he obs rvat n I ca urces i.n are not

P?:r;[ Itlgd df a'to hmatlon clemant (& g Sihole or sh ts in optlca?communlca%on with a IJtht
source is optional in the present invention, particularly for embodiment wherein
the optical source is a spatially coherent optical source having a smail spot size,
such as a laser source. Confocal microscopes providing a focal volume having a
fixed position are useable in the present invention, as well as confocal

20  microscopes providing a focal volume having a selectively variable position, for
example, by rotation of a dichroic reflector. Confocal microscopes in the present
invention may have a confocal aperture that has a constant size or a selectively

variable size and may be provide in horizontal or vertical optical geometries.

[084] Containers useful in the present methods and devices include containers
25 having any shape that exhibit at least partial transmission of excitation light and
emission from particles. Containers useful for optical analysis applications
requiring large detection sensitivies are highly transmissive of excitation and
emitted light. Use of a container, such as a cylindrical cuvette or optical cell,
having a transmittance of excitation light and emission from particles that is

30  substantially constant (e.g. constant to within about 10% or preferably for some



to, lasers, narrow band | anps (e.g. mercury arc |anp), broad band | anps
(e.g. deuteriumlanp, xenon |anp, halogen |anp or fluorescent |anp, one or
nore 10 light emtting diodes (LEDs). [083] The present invention is
conpati ble with conventional confocal optical mcroscopes conprising a
collimation elenent (e.g. pinhole or slit) in optical communication with a
| i ght source, dichroic reflector, objective I ens and confocal aperture
(e.g. pinhole or slit) in optical comrunication with a photodetector. Use

15 of a Cabiicatbh®Bori a0 wiftfn BboRi8YPhEa inctibhlok réd I&Phbﬁ ormuni cat i on

with a light source 1s optional I n the present |nven particularly for
enmbodi menparigelady nsefuhtor partiadtetiassificaton weaswpaientd Wherethieauntanei cal

source ha]\él Bty amr% @P‘%lgﬁ%"%}& usuch as a |l aser source. Confocal

m croscopés providi me having a fixed position are useable
in the present invention, as well as confocal 20 m croscopes providing a
f ocal vol [088] ha%(my]gleans&irenbvmglthe yaitaimet Aologi thegamdi®tontiakanpiay, by

rotatlon of a roic flec m cr.oscopes in the present
i nventd onPFrHSe cﬂgvtgegr% B?:"&I"E'S'E)g?&l?otﬁ’lr%v"g‘i’lé{?"ﬂﬁgo’h regwgfl&mbom ‘%fgt her a
sel ecti Veddhtallviéf 'w&ilknﬁn%gicﬁor%ngwﬂaﬁn@éleﬁrﬁmcg%ntifbrIé%éﬁtﬂﬂtré’tbtuﬁipﬁ?% tical

Optl cal georret ri es Cont ai ners usef ul resent s and
devi ces |rﬁ@¢faﬁ1@sménUaprﬁ>émseazv§ fReiontpgdhe ognm@rth@aim@amﬂ saroplatthatenist

partial tﬁcﬁ‘@ﬁ%ﬁﬁfb@(}to%e ! Catlgé’ftﬂ'ufg ua tb%%n@fﬂpwbﬁﬂoﬂg'lg Erefér%rd Pog HﬂCl es.

Cont ai ners us anal'ysrs- appli cations equi Fi
det ect i orappbinatidrisvild® mteaha:gtlysys meihsam srsd nlewoés eﬁd@etpaéssem uamitlo@m tted

Ilgh of a containe drlc cuvette or ptlcal cell,
et 8 & TN 476 e kO st el Fo Brrirs RO oL TE BrenterRahy b § Ll o t hat
is 30 submt:amnba&, bMdféﬁDfﬁ)ﬁ'@tfﬂns(tﬁaigoccﬁﬁﬂﬁttﬁ‘rﬁﬁ séd?eé(\‘s’bﬁlﬂeaﬁtlapﬂéhgéio(a/‘éoét
preferably for sone ications constant to within about 5% as a

funct i on leastadegior 853)p16§nttﬁ%ﬁmesscqb%@iﬁh@maéﬁage okRarticies dhropah thee| e

cl assifi ¢RLERALIBE ISk nts wherein the container is rotated during
optical analysis. 085] Any neans for noving the container holding the
sanple container may 5 be used in the present invention that provide
transl| at if@#F] r onmihgtp-deteptiemdevice reusaabir i the presant linugintign instusting,

swi t ¢RI ngelR¢TimRBY ¢ HRIERILBESHIbES bH b b Rh¥Ean avalanche

photodiode and photoconductive detectors. Photodetectors useful in the present
invention may be provided with signal amplifiers, terminators, analog to digital
conversion systems, electronic filtering systems or any equivalents known in the
art. Photodetectors of the present invention may be configured for photon

20 counting.

[087] The present methods and devices of the present invention are amenable
to computer assisted automation and, thus, are well suited to high throughput
optical analysis of a large number of samples. Processors useful in the present
invention include microcomputers, general-purpose computers or processing

25  systems capable of running application software. Exemplary computers useable
in the present methods include microcomputers, such as an IBM personal
computer or suitable equivalent thereof, and work station computers. Preferably,
pattern recognition algorithms of the present invention are embedded in a

computer readable medium, such as a computer compact disc (CD ROM), flash

40



mechani snms. Use of neans for noving the container holding the sanple that
are not susceptible to nmechanical fluctuations and/or vibrations is
preferred for sone applications. The optical analysis nmethods and devi ces
of the present invention, 10 however, are not very susceptible to errors
I ntroduced from nechani cal fluctuations and/or vibrations that occur on
tinme scales significantly longer (i.e. at least a factor of 3) than the
time scale of the passage of particles through the observation vol une.

[ 086] Any —de: ' I.CE, ,k1Sa U i | Nt on

ol udi ng ey HEFCE BE H8PpFAKCCylfer BEARLEY roaddh HBRER may BRI hes sucn
as an avaloanaife hart aliskderademanylchup osudhoas tearidioweacheise chemsry dhrebddelyect or s
useful in_the er esent invention may be provided with signal anplifiers,

t er mi nat of'§M%¥#al og to digital conversion systems, electronic filtering
systens or any equivalents known in the art. Photodetectors of the present

i nvent i onfo8By b&s spprec@tsEly bae skiled anthélart WoRiputgr sdiiafd cdie present
nmet hods and devi ces of the present invention are anenable, to conputer

assi sted ANPRRARY Hip da anehigis Methodsand Raliere eeqogniiogrrlearitemsibiite opt i cal
anal ysis @bsénd iR HiBPbe WritARIRPan S AERS BicyramRlity idndubge Pr esent

r
i nvention include mcroconputers, general-purp conputerS or processing
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i nvention are e ed in a conputer rea medi um such as a conputer
conpalt d'e steped R presenhuet S@“rﬁ%ﬁ%’?*ﬁ"@iﬂ)ﬁgé‘“%@ $QraRiEer BRRYLe Furt her,

conput er ysgadapefoffR $hi BBXaiRRtéplof §8ectba’satial oﬁsﬂé?%g%mesﬂfregént”emr y chip,

such as random access nenory or read only nenory. | As appreciated by
one ski | Ineethpgist he art, conputer software code 5 enbodying the data
- anal ysis nethods and pattern recognition algorithns of the present

i nventi ofoddyy BReUEINS SR HRbREsRAY wiith AN EbELPSHPIBYeR% 8N UEYEed

as terms of description and not of limitation, and there is no intention in the use of

15  such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications
are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the

20  concepts herein disclosed may be resorted to by those skilled in the art, and that
such modifications and variations are considered to be within the scope of this
invention as defined by the appended claims. The specific embodiments
provided herein are examples of useful embodiments of the present invention
and it will be apparent to one skilled in the art that the present invention may be

25 carried out using a large number of variations of the devices, device components,
methods steps set forth in the present description. Methods and devices useful
for the present methods can include a large number of optional device elements
and components including, but not limited to fiber optic elements, temperature
controllers, optical filters such as FP etalons, high pass cutoff filters and low pass

30 cutoff filters, collimation elements such as collimating lens and reflectors, trigger
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Exempl ary | anguages include, but are not limted to, C or any versions of
C, Perl, Java, Pascal, or any equivalents of these. Wile it is preferred
for sone applications of the present invention that a conputer be used to
acconplish all 10 the steps of the present nethods, it is contenplated that
a conputer may be wused to performonly a certain step or selected series
of steps in the present nethods. [089] The terns and expressions which
have been enpl oyed herein are used as terns of description and not of

limtati Oﬁgi %%n‘e%ﬁ% 'Ia%e?@ rhgﬁc?éhtrb Bl M&%%%ﬁrg& nlir fb&sify and
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pul se gerf-é”raé!&b‘q‘s giethegselios intefpretinter biasesgescepiats Hﬁmgdihpiqra@@tif‘élﬁggr atings,

focust N9 e EfEA HhaRHR AP TR G SR PO A BELSSL Ahsnbelhiogher o

pol ari zers couplers an tter
controll é?hntom dpeting listogems or Bluokrszadce baumiuadiphi SEdctescomesY abbemar r ow

band 3PtLPR RACES, ¢ P90 TR UYL HNE RS 58! e ggperal 1y to

Vol. 77, No. 1, (2) U.S. Patent 6,794,659; (3) “Two photon fluorescence
correlation spectroscopy: method and application to the intracellular
environment”, K.M. Berland, P.T.C. So, and E. Gratton, Biophys. J., 1995, Vol
68, pgs 694 - 701; (4) “Fluorescence Correlation specfroscopy. I. Conceptual

20 Basis and Theory”, E.L. Elson and D. Magde, Biopolymers, 1974, Vol 13, pgs. 1
— 27; (5) “Fluorescence Correlation spectroscopy. Il. An Experimental
Realization”, D. Magde, E.L. Elson and W.W. Webb, Biopolymers, 1974, Vol 13,
pgs. 29 — 61; (6) “Fluorescence correlation spectroscopy: inception, biophysical
experimentations and prospectus”, W.W. Webb, Appl. Opt., 2001, Vol 40, pgs.

25 3969 — 3983, and (7) Fluorescence-intensity distribution analysis and its
application in biomolecular detection technology”, P. Kask, K. Palo, D. Ullmann
and K. Gall, Proc. Natl. Acad. Sci., 1999, USA, Vol. 96, pgs 13756 — 13761.

STATEMENTS REGARDING INCORPORATION BY REFERENCE
30 AND VARIATIONS
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pattern recognition (1) Al gorithnms and Applications, John G Proakis,
Dmtris G Mnolakis, Prentice Hall, 3rd edition, 1995; (2) Discrete Tine
Si gnal Processing, 2nd edition, A Oppenheim R Schafer, and J. Buck,
Prentice-Hall, 1999; (3) D screte-Tine Processing of Speech Signals, J. R
Deller, Jr., J. H L. Hansen, 10 and J. G Proakis, |EEE Press, 1999 and
(4) Pattern Classification (2001) by Duda, Hart and Stork, WIey-

I nterscience. The following references related to analysis nethods for

| nt er pr ethgy f 'Atl'l%fae?&r?d?e%ec:ﬁi.attﬁrdﬂ?hﬂgt tlﬂi}:oéﬁmfcﬁ b ﬁﬁlé%@%&&ﬁ‘m anal ysi s

and fluctuat’i on correl ati on spectroscopic ana ysi s: Phot on
Count i ng ddcstegtsainciudingl |smr&£isrmmraetd§ maientatqr@quﬁpkmts astepEppliogtioghen, 15

. D. Mmull P.T. C So a at ton i,oph pgs. 553 -
267 volPuBliatigh; and neoRfihe et it 8GimEhSREYRrerSourcrlinigtiaP e
f1 uor esceresby webipRlALY BY réi@e@ideqmamm thait h@@lreﬁ@@l @nnbugtatndamdmyt he
intracellular environnent", K. M Berl and, and E.. Gratton,

Bi oph¥s. incorparatest bysiferepge. tgdhe gutent eagﬁref@@ncep:p ﬂb'ﬁé?c%ﬁ‘fﬁ%’ Yosr el ati on
Spect r OS G e frhcanfsD. Magde,
Bi opol yners, S'f@?‘i%@qﬁgt"@"p%‘ge ﬁﬁ‘f?ﬂs_sa%%a?@)?ﬁby ﬁ%ﬁgfgcg%e Corr e?atl on
spect ros-mmally inconsifeptisi ineorpatatedRbylrézrancerexcept fonthydpartiglly.. El son and
WW Webb, Bio rs, 74.. Vol 13, pgs. 29 - 61; (6) "Fluorescence
correl at |"1§‘r?n§ gecﬂt%n&%p?ﬁﬁ? ﬁ%fgbeirlcgi', bi ophysi cal experinentations and
prospectus”", WW Wbb, Appl. Opt., 2001, Vol 40, pgs. 25 3969 - 3983; and
(7) Fl uofesalen&eetyrfornsiatiyn o Scbnhbblattibmmfaombyﬁéastszmdciimexj oapplication in

bi onpl ecul ar tection technol " ). Kask A PaI ul I rra n, and K
i | 10 pr grmplfia Fveftearcie uSed Beraction e pertiog. TpfEss pinerine® Hateg] "
STATENMENTS REGARDI NG | NCORPCORATI ON BY REFERENCE 30 AND VAR ATI ONS 42 [091]

Al l refe[@ﬁ}eSVWetr@delt@feﬂ?ﬂ@lgﬁvérhlh&h@I@pédzlﬁ@étidhnforfeﬁérr@@rm| e patent
docurnent s including i ssued or granted patents or equ% val ent s; gi t ent

appl i cat [RSRHPETBLHIR IrRga. Gridne 531 Oh ARSI Y CaNGRRUAIRN 398 2hr ot her
source Npk&hiia8n é?él?@é?ﬂg{%ﬁ?%@%&a\kgmagﬁllFlﬁl\ﬂ&@é‘%llﬂ%ﬁﬁblndé@lﬁ- hei r

entireties, as thou I ndi I ncorporated by reference, to the
ext ent etitewanefeegenewrewandqxé&be ;reialudeafllwhmdlsclosure It wilt be

15 understood that any subranges or individual values in a range or subrange that

are included in the description herein can be excluded from the claims herein.

[094] All patents and publications mentioned in the specification are indicative
of the levels of skill of those skilled in the art to which the invention pertains.
References cited herein are incorporated by reference herein in their entirety fo

20 indicate the state of the art as of their publication or filing date and it is intended
that this information can be employed herein, if needed, to exclude specific

embodiments that are in the prior art.

[095] As used herein, “comprising” is synonymous with "inciuding,”
"containing," or "characterized by," and is inclusive or open-ended and does not
25 exclude additional, unrecited elements or method steps. As used herein,
"consisting of" excludes any element, step, or ingredient not specified in the
claim element. As used herein, "consisting essentially of" does not exclude
materials or steps that do not materially affect the basic and novel characteristics

oo

of the claim. In each instance herein any of the terms "comprising”, "consisting
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inconsistent wwth the disclosure in this application (for exanple, a
reference that 1is partially inconsistent is incorporated by reference
except for the partially inconsistent portion of the reference). [092]
Every fornul ation or conbination of conponents described or 10 exenplified
herein can be used to practice the invention, unless otherw se stated.

[ 093] Whenever a range is given in the specification, for exanple, a
tenperature range, a tinme range, or a conposition or concentration range,

al | integgeqi'- ' & : ) [ |,28; | el d] M val ues
i ncl uded |én tl%gfgg%&gsl%%@%}]@aﬁ I E?t enae?da%é? %‘éﬁ%ﬁc ruoéé Perﬁ]le? ﬁg&
di scl osurtermbkt Twiel ihvdrdiohSllustedivsly aedctiled heneyn suitabdynigeag berpractited idual
val ues in,a range ot subran t hat re.included. i.n.the description herein
Van e iR AR O Aty Bletat ok Smerth, Tim oo At RSB P SIS R Lol | tat § ons
nment i onedspdtifidafly SRRfIskl¢Reian are indicative of the levels of skill of

I

those skilled inthe art to which the invention pertains. References cited
herein are incorporated by reference herein in their entirety to 20

i ndi cat e k098] st@he operdinasy skill intherprt wilbappisgiate tat siawting materiakyy date and it
is inten [ Se | Rt q ek &[0 d d, to
excl Udo. Spas PG reddirts ST eTe meof s buroF Mt bR Tl e
herei n, "assagrhethads, dnsl mpthody odher than bhosersiegdicaty exemplifiedaan ey, " or

"character] aand ks inglusiy [..0pen- en d_.does not 25 exclude
addi ti ona‘%rjf]éﬁg?(gzq {hggt)rg?té%?ﬂ}ﬁeg e[qﬁf)ﬁg\ﬂf?@ygbegspﬂig “ﬁ@gﬁ herein, "consisting
O}‘ excl udﬁs@eﬁmﬁmnml asttiemerunbﬂ@ﬁaﬂfﬁqual??g, cﬁ]@agisﬁbﬁmdtériélblan(djcl aim

el enent . use erein,, "consisti essentially_o oes not excl ude

mat erflal sf_r%W_Ogﬁé\ﬁ%th%%qE’dd& t_?ﬁ)'tncwgf"a?'i‘ gl"f JVEAFRR TF?@_‘H&‘?" and novel

char act erdygldgsfonsOvhichiatt ®eBh énfbl@f’é‘d‘aﬂéﬁééi‘ﬁ&seteh%%f Qedthptdh dridendter s

“conpri si n? , "consisting 43 o essentially of and "consisting of may be
repl aced akilinhtaipahand Gere isnointentiontbat indhenyse pheusmigsmsiasd i | | ustrativel y
or "ol enon?BrestidhedbERind Ty PRt i iebuuleg SHBREEICorPEN o, STF0
her ei n. Dorii86] theresfobutdtidireargnizdd thit varidusemadificatidris aap poesibé withihat
star t]isng the tsre:cgpi)éal)fst’he invention claimed. Thus, it should be understood that although

the present invention has been specifically disclosed by preferred embodiments

and optional features, modification and variation of the concepts herein disclosed

may be resorted to by those skilled in the art, and that such modifications and

variations are considered to be within the scope of this invention as defined by

20  the appended claims.
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material s, reagents, synthetic nethods, purification nethods, analytical
nmet hods, assay nethods, and nethods other than those specifically
exenplified can be enployed in the practice of the invention w thout
resort to undue experinentation. Al art-known functional equivalents, of
any such materials and 10 nethods are intended to be included in this
invention. The terms and expressions which have been enployed are used as
terms of description and not of limtation, and there is no intention that

i the ussptySUch SRR 8nluoRXPEARHHARS ilasichiidlid ARkLaUI val ents of

dlrta aescrroea or POt Olls thereor, Dut 1 t Is recognl Zed
t hat var i[093] ndai \ferrﬁgatheoatmltwt@apmatdw measstiig memnt;hetr&mpe)f@farﬁdm
i nvention_ clained. Thus sho nderst od that althou t he present
vent i o RaSPlRsean SpHRaIArELR foied SR P BreHraatpR s s Rent o and

optional detahiifi€the clfbehira@én 8No@n e\ﬂabr@heﬁns erédle @QﬁﬁﬁﬂilémE@re' n
di sclosed may be resorted to by those skilled in the art, and that such

nodi f ﬁcat(i\/'@@uhﬂ(?mb%ﬁ iFaB8dMdn Koth @@fﬁﬂ"@éﬁ@fﬁd@'%@ﬂ/@ﬂ%ﬁ AYPeRinscope of this
i nventio a : Anal ysi s
of FI uorgs@lzlr?ﬁ ?g% gv?eengﬁtl Cgﬁ@?(ie?t;%@%ﬁ]? ﬂgﬁi‘ T’“?%&%p%orﬂ\jgeﬁ y the d
ability halcgeodampejoynbm@d;wrtb atgreencﬁlhee(rﬂ2|5a60mm$mt; qsedtasdhesptid:ai sanpl es,
an optical a} I hg tEresent |nventt| on, was u ted t determ ne
t he concéﬂ??cﬁ ﬁo‘H?GSF%f?g'é’“f‘lg Mg MESHETRENS 1 LONGRMT A WiSditet er 5

(Mol ecul afarfyeoRfiesdenB8giarel in Bilse sanfdiea ks i e redwInindré®BpiRdiedsa Lyposin
solution (20% weight diluted 1:80) conprising a scattering sanple. A small
hal og®n pahwﬂhlsﬁbWﬁW@Waalegu%wthq mﬁeéenf(@%@@bamlngewed as the optical

source t ese neasurenents. Concentrations of
or ange f?ﬁ?%@%ﬁﬂe@ l}ée?%éﬂ < é%ﬁ‘sﬂddgtéﬁ]r%l es as low as a few hundred spheres
10 per mlliliter were nmeasurabl e using the present optical analysis device
enpl oyi niP9B]1- hignia é sbawplae exxamianghater culrewig)istegmm and Rgwas an

exenn! a inlob Mo 16 bolhie LAUAT A BU e 1oHBBY dofibPhe g Lot 2l
counts (peaks the uor escence temporal proti as’'a I on of

parti cl efumtlorenf parttibkertmrgen&a@drfscberﬁaralgdtdwgaﬂmﬂm;emﬁhdds and

15 devices. As shown in Figure 8, there is a very good linear fit over the wide range

of concentrations examined. The resulits of this study demonstrate that the
present methods and devices are well suited for determining the concentrations

of fluorescent particles in optically transparent and scattering samples.

[099] In order to reproducibly detect and measure even lower concentrations,
20 for example concentrations as low as a few particles per milliliter, a correlation
filter program having a pattern recognition algorithm was used to analyze the
fluorescence temporal profites generated using the present methods. The
photon counting histogram includes contributions from the background and
effects of the mechanical rotation in addition to the signal from the particles of
25 interest. Simple data filtering (such as low-pass data filtering) is not enough to
achieve the targeted detection sensitivity, particularly when dealing with faint
particles in a scattering medium. The correlation filter program having a pattern
recognition algorithm recognizes the passage of the particle of interest in the
iflumination volume during the scanning and records the event as a hit, along

30  with its intensity amplitude and optionally its total integrated intensity.



15 devices. As shown in Figure 8, there is a very good |linear fit over the
w de range of concentrations exam ned. The results of this study
denonstrate that the present nethods and devices are well suited for
determ ning the concentrations of fluorescent particles in optically
transparent and scattering sanples. [099] In order to reproducibly detect
and neasure even | ower concentrations, 20 for exanple concentrations as

low as a few particles per mlliliter, a correlation filter program having
a patterng WA scence
t enpor al {)1%???22%b%28@a@80é632’m{1 ﬁ ﬁgﬂggt%rr?tar'ér@ré %rt' QE}‘?H HrllHQ&Lot on counting

hi st ogr aninstrumedésaliboation Wwas perfsmheabcrsmgéluba{slcgnbillmiowlmresaf F@ut&:ﬁ)f t he
machamcal rotation in. additi nIo fro t he rti.cles of 25
v orost  Stguin e @3us5f A Pasertirtpbinted s adesttianitzing) i s not
enough t oanaigdlé Qegick RénpIayi8g batetie6§minon ag&saﬁalysnéyﬁ I&?éﬁﬂcéﬂo@\fs'é’ when
dealing with faint particles in a scattering medi um he correl ation

filterd preajration&f thynempat elevent {rartiglask ¢Qiﬁct@rig?@rthe sanesdtsdionzes t he
N th
passage Oiﬁc%%e@.a"l' is(i%%nchpb Qeshit %flﬂtcé @gpgngéo%%ﬂ%él’tlcﬁ\nﬁh%é? {J‘kﬁ%oelﬂg.“ ng the

scanni ng and recor e event as a ity
anpl i t udeofdhe stmmltmeabbprestemceaﬁmoremhmgoae9drtioﬂﬂ 'mrtbétvy:lun%oﬁ [0100] To

eval uate the effectiveness e cogniti rithm an

et r arer BB e e B EP TR EG eSS PO 6T B0k DRTSKPadh ospher es.

Fi gure llstrssdiamswhREby 8s¢tebsiab the Qemﬁ@w@dgewmwnwa%gﬁigtw pitidlg the
present qgptical analysis device enploying pattern recognition data

anal ydi s.In rtf%zga%%iqn Sléﬁov@fcanan% aﬂ*uea&%wncﬁf they surygiBlkipg gito @geprnt
(particl Eiﬁé ﬁﬁr@ﬁalﬁﬁt QPbyggﬂmHn@H e saﬁﬁ{lé’?ﬁ@? c;gflcﬁl ér?angél?s expect ed

result since entT at t'aneous
presence lbftherm\l‘ecmﬂmﬂtrehm parttqfd:fh&acmmet lhmwmrune cofrectahfsfer gafuraioni ncr eases.

To corr eg t t. N ver, s, Str htforvvard by

decr easi ngfef3 &%f%ﬂér@ ﬁ{ﬁ%&b%&]@ ﬁ%r{'nﬁﬁﬂﬁﬁﬁéﬁlgﬂf H8WB%ﬂg’8We°WO in the

eni ssi on csmdentraimh%c(few per @)l asleamivmyitb@irw‘et irhhediguve 11 alFionghdsat o account
the pile- ug%robab{llty or b mggb diluting the sangle prior to optical
anal ysi s MEYreRENiSo R SCaRiad %‘éPPedT""f‘ wag eIPIoNeSwever, no
correction for saturation effects is needed. In this regine, the |ineari ty
i s excel IBaAMI®RN RaaNeisYof tBd'somatic cell count in milk.

[0101] Mastitis is the most costly disease of dairy cattle. Estimates of the total

losses due to this disease in the U.S. are in the range of 1.5 to 3.0 billion dollars
annually. Since cell counts in milk are closely associated with udder health, the
20 somatic cell count (SCC) is accepted as an international standard measurement
of milk quality. As a result, inexpensive, reliable and portable methods and
devices for measuring the somatic cell count in mifk are currently needed.

[0102] The ability of optical analysis devices of the present invention to
determine the concentration of somatic cells in milk was experimentally verified.
25  In these measurement, fresh milk was obtained from the dairy cattle research
unit of the University of lllinois. Milk samples were diluted to 1/4 in TRIS buffer
prior to analysis. Initially experiments were performed on a sample comprising
mitk from a cow undergoing treatment for Mastitis. The somatic cell count
corresponding to milk from this source was determined to be approximately

30 1,000,000 cells per milliliter. In these experiments, ten dilutions were performed
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concentrations (few per m), as shown by the inset in the figure 11. For
these 15 neasurenents, a scanning tinme of about one m nute was enpl oyed.
Exanpl e 2: Analysis of the somatic cell count in mlk. [0101] Mastitis is
the nost costly disease of dairy cattle. Estimates of the total | osses due
to this disease in the U S. are in the range of 1.5 to 3.0 billion dollars
annual ly. Since cell counts in mlk are closely associated w th udder
health, the 20 somatic cell count (SCC) is accepted as an international

standar ] SRAILATS sl SoBUE b St B et BRDRE RN igL 201 ¢

Ik are syuiontby agdsby 16 OL0R] odfinL A ddibielt (ARbLSCYogghySi 5 devi ces

of the prese ventron t m ne the co cen ration somatic cells
in mlk vmk:laebqpethe semipés! prior éo bptieal andlysisiotrhgtsiee theasalirmeembtanesr dsh mi | k

was obtai ned.from.the dair, t arc t of ni versity of
111inois. (fthl Iugbbﬁ%r}'ée @ﬂf’{%{é@rﬁ(‘i&i‘?% I@%?ﬁscre& l{aprl or to
anal ysi s. cdn@bhir@ﬂtdryoﬁ?@ﬁlrdrﬂi@lma‘i t&"ﬂﬁ@re@@éﬁtﬁﬂﬁﬁéﬁ tR8 sAnAiBels CPR®ri sing nmilk
froma cow under goi n% treatnent for Mastitis. The somatic cell count

r

corr esporﬁﬂd?@ th'drﬁnﬂ graigmaskpeiatasuvideDidsindbe sells WeTei8 15 appr oxi mat el y
30 1, 000, lnt:é aso hamcleh y'é%rctorld?gbpﬁfﬁvﬁépgve%rr{ﬁﬁttéﬂhé%e% il ions were
per f or e ow anal’ysi's of anpl e ving somatic cell

counts rang| ng from about 105cells per nL to about 106 cells per nL. A
det er gent[0¢03]i tFoguri S1gGwanars exerddisdy photoheuggnphistogramgeneateg by dhe

(Nl vout e aeth8as 5 sciih o BRI AR RGping sorBli <l B O AREREC: ool ar
to fligor eke Grtdyrahaine |gd’|rb€9 sloamy tep@reld en thE®ncertlatibredhiudiresoent omi de

associates wth e_cells, wherein i fl uoresce enhanced b
a factor W‘%%WtDwA\ﬁ@mtl .oV gepREte gruse CPL@@“?%FH‘IVG ff’b{ilb% S?—‘? Pufe 9 sh0\>//vs

an exermlf@bves%ﬁ&@mt@w.mmeshb@tmwa@étﬁrsﬂtngdmmhvmure@r:ﬁwlt met hods f or
a mlk sanmple containing somatic cells. The broadeni n? of 10 the histogram

i n Fi gur dlugresicenes {enagpehrrefibrareriderdiied asta pesibve detecligpplasematicparticl es
1 uor escaie | AR P he EBtoT o HhadiBly Wk BTt ik er ek BB X 7t he
15  profile about the threshold ) as a function of somatic cell concentratlons
generated using the present methods and devices. As shown in Figure 10, there
is a very good linear fit over the useful range of concentrations examined.
Furthermore, repeated analysis of the raw data indicated that the linearity of the
calibration curve is not very sensitive to the choice of the fluorescence intensity
20  threshold.

Example 3: Optical analysis of E. coli bacteria
[0104] The ability of the present invention to measure the concentration of

microoganisms, such as bacteria, was verified experimentally. |n these

experiments, E. coli bacteria were left to multiply for several hours in Luria Broth

25  at atemperature of 37" C and 300 rotations-per-minute agitation in an incubator
shaker (New Brunswick Scientific, C24). A MOPS buffer solution was then used
for sample dilutions. The bacteria were tagged with Sytox Orange, a DNA probe.
Figure 12 shows the calibration generated from fluorescence temporal profiles
corresponding to the significantly dimmer fluorescence of the bacteria. As shown

30 in Figure 12, concentrations well below 100 per milliliter are able to be measured
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fluorescence tenporal profile are identified as a positive detection of a
somatic cell. Figure 10 shows a plot of total counts (peaks in the

fl uorescence tenporal 15 profile about the threshold) as a function of
somatic cell concentrations generated using the present nethods and
devices. As shown in Figure 10, there 1is a very good linear fit over the
useful range of concentrations exam ned. Furthernore, repeated anal ysis of
the raw data indicated that the Iinearity of the calibration curve is not
very sens 0, . | | st hreshol d.
Exanpl e Séﬁq&c&&cgaﬁlﬁgﬁ'g %s%’("csa%gﬁ gé H g@@g@@ﬁﬁg%&% for éQ Ity of the
present i avaipdis alsotperivemedrad mieasnpanelysrsau:lgmedﬂ prm/ide@agazm[ﬂntmje such as

bacteria, was verjfied ex I In these col i
bacteri a Helogramie teﬁﬁ'ﬁf&ﬁh&?“? B'% M%@m%ﬂ@e? el.%ﬁ‘ﬂg Oéﬁ"tﬁ h 25 at a
t enper at [\Er%séﬁt rﬁ@th@dé"ﬂ@'c%@@iw;%rﬁ&lb@'b%s@@bn"fhé\iHIrﬂer?Qﬂytoﬁ’éth@urhdnn an incubat or

shaker w Brunswi ck Scientific, C24). buffer solution was then
used for sanpl e di I utions. The bacteria Were tagged with Sytox Orange, a
DNA priobeExarpplgif e QuticahdelectiemrotAR pProtain agare@Mesat ed from f | uor escence

tempor 2l @851 £ 8qa e BRARM: Alabfon RoSief bha AN glETer 11 uor escence

of the batter ure concentrations well bel ow 100
per m I I |¢armentramcmsaﬁlwgmgetbes crbpmtmesjm Wﬁlogloahﬁ&mplengswchlammmwe scanni ng

tinme. it re.used for data \ rforrred an
ntensi 1yt [EPualbaf AR AR tos PP B Prebi e | O

I nt ensi t yoresSritrdphivall fallysis\Bédbedign®d Articise® rhbgsabidv tynﬁntﬁalnens pf esent
met hods to classify particles based on their intensity distribution. 5

Exanplle @gmateapy(}w&c&@ Paligemers wag vstitechexpRyieepiebs: [0105] A goal of
the present invention is to detect and nmeasure the concentrations of

aggr egat qawé] I@Ié?é@ﬂo@?m'aﬂﬂlﬂd%hﬁﬁilé@ﬂror‘ﬁmﬁéﬁ}er@lé@baéé aadigeymafdnetids. To
eval uate this application of present invention, the ability of the

present cﬂﬂnif@bfﬁubi%tﬁ phiainerbat atdapsna=1etHeds=210C r?é’&&ﬂﬂeeoquﬁﬁ'ﬁbent rations
R R Il S AR
(Anaspec, Inc.) and assayed by FCS according to methods modlf ed from
15 Pitschke. Two photon excitation (780 nm, Ti:Sapphire laser, mode-locked, 150 fs
pulses, 6 - 9 mW at the sample) was employed to reduce photodamage to the
probe and better define the sampling volume. Detection was with an EG&G
model SPCM-AQR-15 avalanche photodiode operated in the photon-counting
mode. The laser illumination was focused on a 10 yl sampie droplet in an 8-
20  chamber slide (LabTech cat. 15541) through a 40X NA=1.4 oil objective. Single
molecule detection and correlation analysis of fluorescein and fluorescein -
fysozyme were used to calibrate the instruments. 16-bit data sampling rates

ranged from 16 - 32 kHz to discern single molecule events.

[0107] FL-42in 10 mM NaPi - 0.2% w/v SDS, pH 7.5 was diluted to 100 nM and
25  0.02% SDS in the CSF sample to label the endogenous oligomeric complexes.
Large bright particles were observed in the AD samples above the free
fluorescent peptide background. Neither the unlabeled CSF samples nor 100 nM
FL-42 in 10 mM NaPi, pH 7.5 generated the large bright oligomers observed in

the labeled CSF samples over the time of the measurements.



control subjects obtained at autopsy (n=19 AD;, n=21 C average postnortem
interval <3.5 hrs) were |abeled with fluorescein- human A(3(1-42) (FL42)
(Anaspec, Inc.) and assayed by FCS according to nmethods nodified from 15
Pitschke. Two photon excitation (780 nm Ti: Sapphire | aser, node-I| ocked,
150 fs pulses, 6 - 9 nWat the sanple) was enployed to reduce photodanage
to the probe and better define the sanpling volune. Detection was with an
EGG nodel SPCM AQR- 15 aval anche phot odi ode operat ed in the

phot on-c 10 pl sanmple
dr opl et ﬁﬁ@tﬂ ghfgg rg’%abn‘yﬁ ?Ol éHé;H ﬁéﬂég{é SVIV%% § %rggﬁ]gh&ia 40)p( NA—r1rp4
oi | obj eeiumier cSnnghteat:onnrt aecp\MI eTtimgaiarge)ohmmlersailﬁﬂEealts!Mymdl mests of
fluorescein and f escein -. ne we ed t

|nstrurrer?ﬂ(g‘e §TBiing @H?&%%’F'Fégef%%evﬁﬁgga e (iirfa'i 'Patgéﬁ%lﬁg ®to discern
si ngl e MALAMMRIAVETIE coh&dddtiohlardiZsidw difUEh NeRbli rrier%O\Md/reﬁCﬁe pH 7.5
was diluted to 100 nMand 25 0.02% SDS in the CSF sanple to | abel the

endog&nodeysforgosiaglecdatempnatieswith shffigienbsiagiticpar ti cl es were observed in
the AD sanpl es above the free fluorescent peptide background. Neither the

unl abel egy ‘@i ﬁ?%e?%o 84 ec%@ﬁmgﬂ\‘l eféntﬁ?o rfégé%éﬁ\qc@ﬁl corﬁﬁ!ar?so'ﬁsgz‘?”er ated the

| arge bri I goners observe | es over the tine
of the nnaelmairlnﬂm sevelidl baneshnming naaac@emsrw@etteaﬂedqgm%asmm@ detected as

rare event ! | i goners
diff usedvgllsumﬁ %@H&dﬁ%qg © reﬁ%f‘ﬂiﬁ%gerﬁgﬂ Lﬁﬁ%‘ (?rar@n\j?/a&wv{%ap ?Jﬁgl %g{e\%@g‘% events.
Ve woul dvitiout spaviring brRs cdrifecal knebe sahiimuously rhOWt@QdQ’ﬂMItnméloﬁﬁ— afid sl ow

di ffusion of oligoners would re(}(r}‘hure 5 days for._.a sin e det rmnation with

suf f 1@i epcarpiggitie fecal ppipt thod 4 rarﬂli@net%cee'w&aérm ts to make

meani ngf WhrpREPALLRRRSof 0. 5HINREBer Ebé’fﬁuné AMEKgh | hemsrc@fmwe@gnpzr adi gns
were tested to increase the volune sanpled while retaining the resol ution

to disti myeiisl imdiaements samriedrek20 piw t hout scanning the confocal inmge
continuously nonitored a volunme of - 1 fl. 10 Scanning the focal point in a

ZRgSP(TrdI bﬁ!ng@'}fggx?%m}n%%w dd?géé%eiéﬁiﬂalrﬁ%r@ﬂ%@“dﬁﬁ%nﬁﬁl and- 5 pl.

AD samples, respectively, obtained using a conventlonal scanning confocal

15 microscope operating in two photon excitation mode. Figure 14A corresponds to
static- control & AD (20 min) and Figure 14B correspondence to 3-D AD sample
beam scan (XY raster scan + z-step; 90 sec. The intense spikes in Figure 14A
were interpreted as large oligomeric AB complexes based on their siow diffusion,
as indicate by the measured peak widths. In this small sample of autopsy CSF

20  samples, the control group (n=22, average 3.105 + 0.648 peaks S.D.) can be
distinguished from the AD group of subjects (n=18, average 6.053 + 0.800 peaks
S.D.) at p=0.00346. Although the groups are separable, the populations overlap,
due in part to the small number of events observed. The 3-D scan shown in
Figure 14B was converted into a quasi-3-D image. Figure 14C shows a quasi 3-

25 D image generated from a 3-D scan, and indicates number of large fluorescent

oligomers (elongated white spots).

[0111] The correlation filter program having a pattern recognition algorithm was
used to analyze the fluorescence temporal profiles acquired using the present

methods and devices and to determine the distribution of sizes for the elongated



axis in 3 pmincrenents sanpled - 120 pl. [0110] Figures 14A and 14B show
fluorescence tenporal profiles for control and AD sanples, respectively,
obt ai ned usi ng a conventional scanning confocal 15 m croscope operating in
two photon excitation node. Figure 14A corresponds to static- control & AD
(20 mn) and Figure 14B correspondence to 3-D AD sanple beam scan (XY
raster scan + z-step; 90 sec. The intense spikes in Figure 14A were
interpreted as |large oligonmeric AR conpl exes based on their slow diffusion,

as indic . t r 1 i d t opsy
CSF 20 s?rr%f'éé,s’ ?ﬁé‘%ﬁ‘ﬁ?r@ﬁ@@%%ﬂ@%?“Q@gﬁﬁgg‘%t%'guﬁ%f%hﬁvgfeeéii’ S.D.)
can be dicstdlatinm sibect dggraydtbecAbegiration @id sisbf@dhs contrdlSamples age 6. 053
0. 800 peaEs S.D.) at p=0.00346. Although the groups are separable, the
popul at | JAS AR ERMRISS: due in part to the small number of events observed.
The 3-D scan shown in Figure 14B was converted into a quasi-3-D i mage.

Fi gure 1461 $510Watnslé 3S OpticdPA Ry P& I$adfRd anabladbs ik ComfcbaPABeRGRTor and

i ndi cates_number of Targe fluorescent oli1goners (elongated white spots).
[0111P THzete Ininsisr Brighinestal) etegminaliait ern recogni ti on

al gorithmwas wused to analyze the fluorescence tenporal profiles acquired
using th S : i } i stribution of
si zes foﬁtoitp)ﬁgea mﬁgﬁgﬂggp%%gﬁ% gﬁggﬁagg%ﬁfng@%?%?fg%ﬁ%@%@(s pol ymer s
and aggr égrerdion utilizeiaenult-siit owifdes) apertote oplical corfigrationnfArajgrasgaf e

concentr gt d. S for.th [o I : . . [0112
Beanpl e 2his GpRECorE oy o iRy ol R b eding B8 RIS of °'5™
aﬁt ter :_?uta@édta@?dfcwartwleisl inrthe iohsecsaBon fgbm!n@§3n @ﬁﬂigomt?gtdr@ng [0113]

tignally, optical agnalyzers an nal ysi.s met s of the present
Pvend; oA PREnt ShRRIIE CPCT OB E oo ol i D S S8t 1 gur at i on.
Anal yzer ghgfactdri¥ations TR fuRttid i aBpS@ M thd PMRBh PleRtich SIRAAIE of neasuring
the position and/or trajectory of particles in the observation volune, in

addi t i on aceurptdoPinahgnalysisatsing eramebsasvatirnstyaiumes.dhewhycaebling particl e
bri ght neaﬁa@ef}! é?ﬁar;}al?sgwqu?g{ﬁ?ﬁe%’ 4ty Qhical Bahrin! CHLRBInABRGFL ©f the

present invention
particle position and/or trajectory in these embodiments provides enhanced

15  sensitivity for detecting particles and characterizing particles with respect
brightness because the position information acquired during analysis removes
and/or minimizes uncertainties relating to the absolute intensities or brightness of

particles detected.

[0114] In this embodiment of the present invention, a multi-slit confocal aperture

20  is provided between the sample and the photodetector such that at least a
portion of the fluorescence from the observation volume passes through the
multi-slit confocal aperture prior to detection by the photodetector. As used
herein the term “multi-slit confocal aperture” refers to a device component
comprising a plurality of slits and/or pinholes, which are symmetrically or

25  asymmetrically spatially distributed in front of the photodetector and which allow
at least partial transmission of incident fluorescence. Multi-slit confocal
apertures may have any number of slits and/or pinholes providing accurate
optical detection and/or characterization of particles, and the slits or pinholes

provided may have the same or different areas. Use of a dual-slit confocal
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accurate optical analysis using | arge observations vol unes, thereby
enabling analysis of |arge sanple volunes during optical scanning.

Determ nation of particle position and/or trajectory in these enbodi nments
provi des enhanced 15 sensitivity for detecting particles and characterizing
particles with respect brightness because the position information
acquired during analysis renoves and/or mnimzes uncertainties relating
to the absolute intensities or brightness of particles detected. [0114] In

20 s pr HeuERe 66t (et sl RS Hhe Gt sl RSl o et
a porti oe@anidgitlaremy @sg.avittn hbom 1078) Rlisicfiibl fon seeleluticabsidgsis hr ough

the multi-slit confocal aperture prior to detection hy theélglgot odet ect or.
As used W'é?fﬂp'l%é”teé‘?t?ﬁd"ﬂﬁﬂﬁQf§histasé’Sﬁtf*G@élre%?ﬁBM‘@"@@“'rtB? st a devi ce

Comonentcon@éﬁm%béh&% rﬁnﬁggrﬁdrﬁ?a%nt%‘f 'atc%n?d?%'i RlicrBsEUHY. B3sefifthaf- ar e

symmetrically or 25 asy trically spatially distributed in front of the
phot odet eslit opnfanal aﬂﬂrfa:lhesafdr 6wn0mpplleat;<3n$p@frthe aregendmsenticn compfise aci dent

andl or i INGHAS! s i ST P et RTEr Wi RandPlor BB Sfo/BH B EboR =110

char act erwz)amm@nsntfhapard ¢Qhly,spabdd tabartsddrrﬁ gacli othienbgldissanqysaslstted nay have
the sane or different areas. Use of aﬂdu -slit coofofcﬂl ?O (i) aperture
(i.e. haAvegt W@Piqfé’ﬁoﬁbﬂﬁ'f'?@f‘ﬁéo? u HiPng| Peeuhthgiisubst antial |y
the sane @hidcabféturks f& soMhd Qbﬂllc?éﬁBHE ot fh4 pregeman@ditin@donisifsesPme opti cal

anal ysis applications. In enmbodinments of this aspect the present
i nver®i opluraliy ahslitsithal are syounéeisically dtptrrbwmcbmrfamt l@éa@h@mq%ﬂém of a
confocal mcroscope. Useful multi 5 slit confocal apertures for sone

appl i cat igiipei0f, e, RLESEIaN e Rk ARabRIARLABAE o MLMLG Lok SIits having

w dths s ge 0 mcron to abou m crons that
are equalapgrispaisesedgarcnhancariteatdtentinationhyf pogtienscayl/eeirgectodes ofer t he
range of ,about 5 m m conf ocal

0 00
aport ur eSO oeBP AHRF vl BREter TR uRL alhe HNGHIPEHtls T be "2 10
pl ural i t yreders hidis-stih@infiguitidy Bmmboy< aultiplelbis in hubtest 4 sinfleont of a
phot odet ector. 0115] In the present analyzers and a}nal si s nmethods a
mul t i3 s| iPhotasistester as opposed to a single slit posmoned in front of a single detector.
Figures 16A — 16D schematically illustrates and compares use of single-slit and
multi-sfit confocal apertures in the present invention for determining particle
positions and/or trajectories in the observation volume. Figures 16A and 16B
depict embodiments of the present invention using a single-slit confocal aperture
20 and Figures 16C and 16D depict embodiments of the present invention using a

dual-slit confocal aperture.

[0116] Figures 16A and 16B show a first particle trajectory (16 A) passing
exactly in the center of the confocal volume and a second particle trajectory
(16B) passing away from the center of the confocal volume. Figures 16A and

25 16B (top of these panels) also indicate the fluorescence temporal profiles
predicted for each single slit confocal aperture configuration. A comparison of
Figures 16A and 16B shows that as the particle passes away from the center of
the observation volume, the width of the fluorescence temporal profile increases.
Therefore, measurement of the widths of features of the temporal profile provides

30 a means of determining particle position and/or trajectory.
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aperture is used to enhance the determ nation of positions and/or
trajectories of fluorescent particles with respect to the center of the
illumnation profile. The present nmulti-slit configuration enploys
multiple slits in front of a single. 15 photodetector, as opposed to a
single slit positioned in front of a single detector. Figures 16A - 16D
schematically illustrates and conpares use of single-slit and nmulti-slit
confocal apertures in the present invention for determning particle

positi Onls[gﬂﬁmﬁ 0:5 hgaﬁl%%? ﬁ'ﬁulh%h anfﬁgﬁlei\;)\é%@guﬁls%ﬁ{m n@rgége%sth 6A and

16B dep resen Ion usin sinh
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redicte | 3 | r .
ompar | saie S AR P Mefeats e ARRHABlceBREPHIBFE pAYAY Bhedbnc ayay
f rom t he duehsiirconfocal apertlre &owfifuration o Figuee 16t’1‘a=;hw¢tthanfvhérlﬂme‘ | uor escence

t enpor al oflle i ncrea Th ref ore, asurenent of the, w dths of
f eat ur es PG RASERTORTY Hiraygll BerQupkRihe 25SaNRan YoM ELe A ni ng

particl ec@ﬁﬁicb! %Iu:%@ﬂfi@tehfp@irﬁ%@f ¥-is Qhat%éte[rﬁé&?)]y tBGgERapsHAp Of a
multi-slit confocal aperture substantiall i/h@; ncreases the precision and

accurficy Perksredsindicripdin Figues pEBI hewaverars o pealisdreadensand Figures 16C
d 16D th '
ggnt er %U?ngg @?éaﬁ%%in@cﬁ%ﬁﬁéa?%%kgq segkﬁg%&]?@%}eﬂ% ra] ec%bc/)r Iyn( 1 gD)

passi ng 5rcﬁﬂmysftme3p"arttibhe tcajed:tery mbvemawawmnvme canteodfthe obfeyaties 16C and
16D (top. 0 nce t oraI profil es

anel s te 1 fl
ored ot uokEE-oHER RARERT bioth bRk SpbeRreAbiRs BITESFEIE F gur e 160
shows t hggmpdranpidfie: p!@@fdbb@' &m&ﬁéénﬁsﬁmdrs{ctbhmgg;brttdlt«epﬁaﬂéreén@/brt he
observation volune (i.e. the confocal volune) the tenporal profile is

char &tt effRIESEP Yy I Qe pARRMeent, fhgxgmple, the separation in time between

peaks in an observed temporal profile corresponding to a given detection event is
used to quantitatively characterize the position of the particle in the observation
volume (for example, the position of the particle along the Z-axis as shown in
Figure 16A-16D). The time separating two maxima in a temporal profile acquired
20 using a multi-slit confocal aperture optical geometry provides important
information useful for measuring particle position, particle trajectory and/or
brightness intensity with enhanced accuracy. Changes in peak shape and
spacing observed using a multi-slit confocal aperture optical geometry may also

be used in the present invention to determine particle shape.

25 [0118] When a particle passes through the observation volume, the measured
fluorescence depends on the intrinsic brightness (or intensity) of the particle and
the specific position of its trajectory in the illumination profile, the brightness
being higher closer to the center of the confocal volume. In one embodiment, the
system is capable of analyzing different fluorescence temporal profiles generated

30 using the multi-slit configuration (for example by measuring the separation in time

of two or more peaks in an observed temporal profile) and properly assigning the
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10 peaks. As indicated in Figure 16D, however, the two peaks broaden and
eventually nerge in a single broad peak (16D) in the fluorescence tenporal
profile as the particle trajectory noves away fromthe center of the
observation volunme. This transition fromtw peaks to a single peak in the
fluorescence tenporal profile provides a useful means of characteri zing
particle position and/or 15 trajectory. In one enbodi nent, for exanple, the
separation in tinme between peaks in an observed tenporal profile

correspondi ng t i_v.en |, gn i S ; t [

char act erﬁ| %Sgﬂ%%gf @Sgﬁwcé%g@hgﬁh%%p@?ﬁ% 'é]‘eﬁtr'lﬂﬁ@qgéglggva I lé)én@)t' végﬁ{ﬁér(re (for
exanpl e, thbgapidé positiowkidngethp d-Axkiel(as alentified heFigueed 6Aad6BhmImawn, Fi gure
16A-16D). The tinme separating two r%xi i%da iihe)grgoral profile acquired 20
using a riIedartgle intersiydrigntriass e ‘B’i‘r]?‘i"e ¥ banredr RS i npor t ant

i nformat i @Qnﬁ%ﬁ& Wewf SproBES Whéreds BAA idettnieation, esflechal symhetiyndtect ory
and/or brightness intensity wth enhanced accuracy. Changes in peak shape
and $paciesgedtie éhe tagalisliang, whighlidoes siot aﬁe@ﬁhg@alcuéﬁéntqﬁﬁ@ idphingdiongeonet ry

may al so . ed In th Nt ianvent | rone: i c)e shape. 25
[0118] wi %%SH%a?‘P?IH?% °§5§‘§§§%€ h?déﬁt}eg%é]%#ggtggggm?iné)ﬂr%ﬁ\%gﬁpﬁdﬁtééﬂl he measured
fluor elscemmgtmeﬁgm g@b;rtdtl@ rhay bée rasrbtyfzbﬁ iugmigree sarigt of mutimrﬁl inyll)ildimg, t he
particle an _he ecific positjion of its trajectory in.the illum nation
brof i1 e. thaohlmiRd HesatefaPrapightradnziels fsnilerariotem sPUehE conf ocal
vol une. IHjsiBRfant BRAYERBIMNG fludhfationYr@MBtion ééﬁ@&@é@oﬁméﬂ@b%?l ng different
fluorescence tenporal profiles generated 30 using the multi-slit
configuration (for exanple by neasuring the separation in tine of two or
nore peaks in an observed tenporal profile) and properly assigning the 52
O position of the particle along the Z-Axis (as identified in Figures
16A-16D). Once the particle position along the Z-Axis (as identified in
Figures 16A-16D) is known, the particle intensity/brightness can be

cal culated with enhanced accuracy. Using this new approach, there is stil
indeterm nation, reflection sycmmetry with 5 respect to the focal plane,

whi ch does not affect the calculation of the illumnation intensity.

Anal ysis of tenporal profiles generated using a nulti-slit confocal
aperture optical geonmetry may be anal yzed using a variety of nethods

i ncl udi ng,
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but not limted to pattern recognition data analysis techni ques, photon
counting histogram analysis and fluctuation correl ation spectroscopy

met hods. 53 0 W claim 1. A device for analyzing particles in a sanple;
said device conprising: an at least partially transparent container for
hol ding said sanple 5 containing said particles; an optical source for
generating excitation light that is provided to said sanple, thereby
causing at least a portion of said particles to generate fluorescence; 10
a nmeans f@g S8 h{ecting fluorescence froman observation volunme positioned
within sal'@ €o "ai ner; a means for noving said container, thereby
transporting at least a portion 15 of said particles through said

observat i on \Y; detecto i.n optical ¢omruni cation . with said
means fort-col I’%g?wﬁ%% rl?@‘fzé@:%'@é? &Sdp 2y IGi SQﬁH'C%SW'?WQ intensities

of at least a ppatbodt rtlai%ke% F)bk&ft%ﬁ% féfﬁ’é\'ﬂﬁag's%ld’?@rﬁb!‘éat' on vol ume;

t hereby generating a terrpora profile of said fluorescence; and a
procedsor haviaegtainipgtsaist partielesgni ti on al gorithm for receiving and

anal yzing said tenporal profile generated by said photodetector, wherein
sai d observation volune is positioned a distance froma wall of said 25
cont ai ner sel mt@ﬂlcbrmnrb@aarrmmfg @tﬁ!ﬂatlodﬁ@tﬁhstnsrpﬁomdecatﬂmwd 2000

m crons. 2. A devi ce for anal artic sai d device
Conpr 1 91 gt SATHIS Taa@by SRLea) e 4 2R At il sRRiRs O el ng. sai d
sanpl e 30 contgbrigeensdai d particles; 54 an optical source for generating
excitation light that is provided to said sanple, thereby causing at |east
a porlfion of said particles to generate

a means for collecting fluorescence from an observation volume

positioned within said container,;

a means for moving said container, thereby transporting at least a portion

15 of said particles through said observation volume;

a photodetector in optical communication with said means for collecting
fluorescence for receiving and measuring intensities of at least a portion of
said fluorescence from said observation volume; thereby generating a

20 temporal profile of said fluorescence; and

a processor having a pattern recognition algorithm for receiving and
analyzing said temporal profile generated by said photodetector, wherein
said observation volume is positioned a distance from a wall of said
25 container selected from the range of about 100 microns to about 2000

microns.
2. A device for analyzing particles in a sample; said device comprising.

an at least partially transparent container for holding said sample

30 containing said particles,
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fluorescence; 5 a nmeans for collecting fluorescence froman observation

vol unme positioned wthin said container; a neans for noving said
container, thereby transporting at |least a portion of said particles

t hrough sai d observation volune; 10 a photodetector in optical

communi cation with said nmeans for collecting fluorescence for receiving
and neasuring intensities of at |least a portion of said fluorescence from
sai d observation volune; thereby generating a tenporal profile of said

fluorescence; and,.15 a processor havin ttern recognitjion.algorithmfor
recel vi ng andah SRIF SPHEPIET dorengid Sroaeh PRl HaHs PGPty i o

phot odet ect or gamBR! Bidleb cﬂﬁsw@aﬂ_éasﬂwﬁorﬂaﬁb%ﬁdgﬁrﬁmés_:megbnbfat@ feature of
said tenporal profile en the width of the predeterm ned pattern

correl ates wi fliorepesndeire of 20 flight of a particle passing through said
observation volunme. 3. A nethod for analyzing particles in a sanple
containing said particles, said nethod conprising the steps of: providing
sai d Sanpl e cameans fogeqkecting flesrescerae faim laaadisepation abluypne 25 t r anspar ent

container; directing excitatjon.l.ight onto said sanple, thereby causing at
Ceast & por t POTIOHEtRN A fieiads

"n said sanple to generate fluorescence;
0O 55 collecting fluorescence from an observation volune in said sanple and

directing said fluorescence fromsajd observation volune onto a
phot odet ect or @ "@%JPH@WW&%P@@?W@F: “ﬂW@PEW"E&%@F%Qt 'ﬁé?‘t@ BPE8N| n sai d

T o ebone A pE RN BB OLUPRUIRRR10 e [tensiy o saic

10
a photodetector in optical communication with said means for collecting
fluorescence for receiving and measuring intensities of at least a portion of
said fluorescence from said observation volume; thereby generating a
temporal profile of said fluorescence; and

15
a processor having a pattern recognition algorithm for receiving and
analyzing said temporal profile generated by said photodetector, wherein
a predetermined pattern is matched to a feature of said temporal profile
when the width of the predetermined pattern correlates with the time of

20 flight of a particle passing through said observation volume.

3. A method for analyzing particles in a sample containing said particles, said
method comprising the steps of:
providing said sample containing particles in an at least partially

25 transparent container;

directing excitation light onto said sample, thereby causing at least a

portion of said particles in said sample to generate fluorescence,;
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as a function of tinme using said photodetector, thereby generating a 10
tenporal profile of said fluorescence fromsaid observation vol une; and
anal yzing said tenporal profile using a pattern recognition algorithm
wherein said step of analyzing said tenporal profile using said pattern
recognition algorithmconprises the steps of matching features in said 15 .
tenporal profile to predeterm ned patterns, counting the nunber of natches
between features in said tenporal profile and said predeterm ned patterns,

t her eby det er m_pi e f i : J tection
tinme interval reogﬁgﬂ}ﬂa\f}pﬁrfeﬁg eﬁﬁ@t aﬁ?ﬁ?ﬂ%‘?”%ﬁ'?’ﬁ%ﬁ&%ﬁggﬁ% h uring
sai d det ecti orditectirg i shier \fiiordseeacd ofran vedid mebsérvatiorpl eolscenmedo 20 duri ng
said detection ti interval. 4. The nethod of claim3 wherein said
container is AAA ?&87*, wherein said step of noving said container
conprises sinultaneously rotating and vertically inverting said

contai ning, and wherein said step of analyzing said tenporal profile 25

usi ngSsai d patroeying rséibganteinen thewdyi Qaﬂﬁfﬁmpﬁ%@lesckﬂn?)ﬁld s@npladhugp of
determ ni ng t a trajectory of said observation volune in
said sanpl e ugﬁaﬁl‘g& eé{’&((abg]p\?bé@{s}lebn: L=rr(d)r 1 Vj(t); wherein d is the

di aneter of the container, W is the rotational velocity of the 30

cont et 0 o S g S B P B TR

detection tingsi Bt RikAbn I6T MNBVISIRG st NEhdtbEeteytdr eafrey génerdiiny ¥ (Cross
Section) ; 5 wherein L is the |length of said selected trajectory and Cross
Sectilfn is a deoperal pediile ehsaid Jreeseenenborsiaid ghseyaticoyRlHBeaptg an axi s

parallel to the propagation axis of said excitation light. 57 0

analyzing said temporal profile using a pattern recognition algorithm,
wherein said step of analyzing said temporal profile using said pattern
recognition algorithm comprises the steps of matching features in said
15 temporal profile fo predetermined patterns, counting the number of
matches between features in said temporal profile and said predetermined
patterns, thereby determining a net number of particles detected during a
detection time interval, and dividing the net number of particles detected
during said detection time interval by a total volume of sample scanned

20 during said detection time interval.

4. The method of claim 3 wherein said container is cylindrical, wherein said
step of moving said container comprises simultaneously rotating and vertically
inverting said containing, and wherein said step of analyzing said temporal profile
25  using said pattern recognition algorithm further comprises the step of determining
a total length of a trajectory of said observation volume in said sample using the

expression:

= ala v Jo,

wherein d is the diameter of the container, V; is the rotational velocity of the

30 container and t is the selected detection time interval.
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5. The method of claim 4 wherein said total volume (V) of sample scanned
during said detection time interval is provided using the expression:

V = (L) x (Cross Section);
wherein L is the length of said selected irajectory and Cross Section is a cross
sectional area of the observation volume along an axis paraliel to the propagation

axis of said excitation light.
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